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Dean Grinter’s very able article 
‘Engineering Education Approaches a 
Crossroads,” appearing in the January 
JourNAL, merits published discussion. 
Having waited two months for those 
better qualified to take issue with Dean 
Grinter, the author puts temerity to 
one side and requests permission to 
Bplace before the JouRNAL’s readers 
Bsome arguments, not in contradiction 
#io the philosophy so ably pronounced 
inthe subject article, but in support of 
a plan of engineering education that 
would more nearly achieve the objec- 
tives enunciated therein. 

It seems that in the process of up- 
holding the present time limit of four 
years of formal academic work, Dean 
Grinter has failed to recognize that the 
PMotives of those faculties accepting the 
‘Pive year curriculum are not, as he sup- 
‘Bposes, the result of “the enthusiasm of 
the moment for professionalizing en- 
Beineering education.” While the au- 
Por cannot speak for those faculties, 
other than his own, and perhaps not 
for all of them, who have approved an 
tension of their curricula, he be- 
leves that he can safely say that such 
Ps farthest from their thoughts. Their 
PMotivation is completely the: reverse. 

Dr. Hotchkiss, President-emeritus of 
Rensselaer Polytechnic Institute, in ad- 
iressing a meeting of the American In- 
stitute of Consulting Engineers, sev- 


























‘Fa years ago had this to say: “I 


believe that a man should be credited 


A Case for the Five Year Curriculum 


By FORD L. WILKINSON, JR. 
Dean, Speed Scientific School, University of Louisville 


with culture when he has four at- 
tributes : when he is able to see in their 
proper perspective the factors of the 
problems before him; when he is able 
to have a true sense of the relative 
values of men and of things; when he 
is able to distinguish the true from the 
false; and fourth, a summary of all, 
when he has those attributes of a well- 
balanced mind which enable him to 
live intelligently in his environment.” 

Let us then attribute to those facul- 
ties who have adopted the five year 
undergraduate curriculum their belief 
that only by a very careful and ju- 
dicious extension of the undergraduate 
curriculum in engineering may they 
accomplish the purpose of providing 
adequate opportunity for students in 
engineering school to acquire sufficient 
basic education to enable them even- 
tually to “live intelligently” in their en- 
vironment. 

If, as Dean Grinter states: “Most 
teachers appear to feel that the ma- 
jority of our graduates have reached 
an educational plateau and that little 
would be accomplished by keeping 
them in college for another year,” we 
have certainly failed in creating a 
thirst and determination on the part of 
our students for culture as described 
by Dr. Hotchkiss. This is the same as 
saying that those students who aspire 
to educate themselves for the ever-ex- 
panding environment of the engineer 
have no capacity for the task. 


577 











578 


It is believed that, even though un- 
dergraduate engineering college educa- 
tion should not be professionalized in 
the sense of placing undue emphasis on 
specialization, engineering schools have 
definite responsibilities to the engineer- 
ing profession. Those responsibilities 
may be summed up as: (1) rigid se- 
lection of men for entrance to the pro- 
fession, (2) to promote greater versa- 
tility through thorough instruction in 
fundamentals and practices, (3) to 
inculcate in students a high degree of 
ethical standards, (4) to assist in 
broadening knowledge and experience 
of the students in an environment 
which is expanding rapidly. 

Although engineering schools are not 
professional schools in the same man- 
ner as are law and medical schools, 
they are the main avenue to the engi- 
neering profession and. it is essential 
that they assume the responsibilities 
imposed upon them by this fact. These 
responsibilities cannot be discharged 
by permitting the almost unlimited 
freedom of election exemplified in 
many colleges of liberal arts. The re- 
quirements of these colleges are rela- 
tively simple. They establish certain 
“areas” of study and grant degrees 
upon the successful completion of a 
minimum number of credit hours in 
certain prescribed “areas.” An ex- 
amination of the offerings of the aver- 
age college of liberal arts shows that 
the fundamental courses in science and 
the arts are not educational disciplines 
but, for the most part, generalizations 
or “surveys.” By the term “educa- 
tional discipline” is meant a manner of 
teaching subject matter that will give 
to the student useful and_ specific 
knowledge upon which he may build 
and develop. 

These fundamentals, often loosely 
taught, do not prepare adequately for 
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In these major studies are perhaps 1.’ 
higher degree of specialization than ag did n 
any graduate curriculum. The maja permi 
in history may elect to concentrate gj cerne¢ 
the Roman Empire, or the major jg with 1 
English on the works of some obscung 2. | 
author who was the subject of som the fo 
professor’s graduate thesis, thus makg in sci 
ing an excuse for the study of hig sacrifi 
works to be included in the curriculum each « 

It is contended here that this pracg in wh 
tice as carried out by too many olf 3. 1 
leges of liberal arts tends, because dg to lim 
its lack of educational discipline, §§ in his 
promote loose thinking to a far greateg ness, : 
extent than do the professional school tional 
The latter, at least, through the necess 
seriousness of their fixed and objecg sary fi 
tive curricula, direct the student ingg The 
search for the truth. adopte 

All of this is not presented in aég these 
verse argument to the precepts preg faculty 
sented so ably by Dean Grinter. to des 
educational process as outlined by hing checks 
is a condemnation of the preparation itmigl 
of the average liberal arts student. Ig In add 
may be interpreted as saying that tig perhap 


colleges of liberal arts, with their loo 
elective systems, do not appeal to ff 
wide awake, intelligent young man wi 
is seeking a “broad education th 
fortunately provides a reasonable eam 
ing capacity in our world tod y- 
Therefore, let us in the engineenit 
schools do those things for him that tt 
liberal arts college should do and 40 
not. All well and good, but does st 
an educational program discharge ff 
responsibilities that the engineefit 
school has to the profession of en 
neering? We must do all of this a 
more. 

In approving a five year curri 
the faculty of the school with.whichi 
author is associated made a cri 
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student analysis of their educational program 
ss _yeanf and came to these conclusions about it : 


erhaps gf 1. That the four year curriculum 
n than agdid not offer sufficient opportunity to 
he majo§ permit offerings in those fields con- 
ntrate g§cerned with the relation of engineers 
major ag with their environment. 
> obscun§ 2. Because of the time element in 
of som the four year curriculum our offerings 
1us mak§ in scientific fundamentals have been 
y of hagsacrificed for specialized courses in 
rriculum§ each of the four fields of engineering 
his pracg in which degrees are granted. 
any oof 3. The result of the above has been 
cause gf to limit the versatility of the graduate 
pline, gf in his usefulness to industry and busi- 
r greatemness, and has so narrowed his educa- 
| schoo tional interests that he may lack the 
the veng necessary intellectual balance so neces- 
d objec§ sary for effective citizenship. 
ent ini The five year program was not 
adopted as an automatic cure-all for 
1 in a@gthese educational deficiencies. The 


pts preg faculty very earnestly has set about 
er. to design a curriculum with definite 


| by hing checks placed upon specialization or as 
aration it might be called “professionalization.” 
jent. If In addition, they have recognized that 
that tg perhaps the greatest benefits of scien- 
eir loom tific and engineering study are obtained 
1 to thi because of the controls they exercise 





upon the student. Therefore, they 
hm have kept before them the increasing 
mm demands and need for versatility, cre- 
ativeness, and understanding in the 
qigineering graduate. 

The precepts laid down by the fa- 
culty as directives to the curriculum 
designers may be briefly outlined as 

WS : 

1. The curriculum offerings outside 
mthe fields of science and engineering 
this aim Should extend throughout the five years 

‘fjol the students’ residence. Further- 
More, they should permit a reasonable 
degree of election; but these electives 
should not be courses admitted to the 
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curriculum simply because of expedi- 
ency. They should be objective in 
character and designed and taught to 
permit the analytical approach. 

2. In the offerings in scientific and 
engineering fundamentals, the time de- 
voted to these subjects should be spent 
in broadening their usefulness and di- 
rected toward an increase in the thor- 
oughness with which they are taught. 
Extension of the offerings’ in certain 
sciences is encouraged. Mainly, there 
shall be an agreement on those funda- . 
mental sciences that are essential to 
the practice of engineering in all its 
branches and these should be taught 
without restrictions as to their appli- 
cations. 

3. There shall be no increase in the 
degree of specialization in the four 
branches of engineering in which the 
bachelor’s degree is granted. The cur- 
riculum extension shall not be used as 
a means of bringing graduate study 
into the undergraduate curriculum. 

As evidence that the faculty of a 
“leading state university,” probably 
the one referred to by Dean Grinter, is 
similarly motivated the following state- 
ment from the Chairman of a Faculty 
Committee to the Dean is quoted: 


“The Committee, therefore, arrived at 
the following general conclusions: 

“(1) That while we are in no position 
to become complacent about our technical 
educational program, nevertheless our 
main problem today is to broaden our 
engineering education program to give 
our students an opportunity to broaden 
themselves so that they may develop 
greater effectiveness in the areas in which 
they are now weak. é 

“(2) Based on the preceding, the Com- 
mittee arrived at the conclusion that the 
technical education of our engineers dare 
not be decreased in quantity and that the 
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necessary broadening cannot be done 
within the limits of a four year educa- 
tional program. 

“The Committee recommended a five 
year educational program with a ribbon 
of broadening subjects extending through- 
out (the five years).... 

“".. It should be stated that the re- 
vamping of our entire program has given 
us the opportunity to revamp and improve 
our technical program. Some of us are 
convinced that the technical part of our 
educational program will be materially 
improved, first, by re-study and re-ar- 
rangement, and second, by the fact that 
the men in the fifth year will have an 
added degree of maturity and broader 
background educationally.” 


Thus it may be said that at least these 
two faculties have substantially the 
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same objectives for their new program 
of. engineering education. It remains 
to be seen whether in the applicatiog 
they achieve the results desired, whid 
may be briefly defined as encouraging 
the development of culture, as define 
by Dr. Hotchkiss, in the engineering 
graduate. This does not mean that th 
engineering graduate is today uncu- 
tured, but it is to say that the exten 
sion of the engineering curriculum 
five years offers the best opportunity 
to develop that culture in the engineer 
ing graduate and, at the same time 
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Instruction in Professional Qualities * 


By N. W. DOUGHERTY 


Dean of Engineering, The University of Tennessee 


To teach professional qualities they 
must be recognized and studied. More 
than one list has been suggested. For 

‘| the purposes of this paper we will as- 
sume the following as desirable quali- 
tis and as distinguishing characteris- 
tis of professional practitioners: A 
body of technical knowledge; An edu- 

Paational process; A service motive; A 

‘$relation of confidence; Individual re- 
sponsibility and group activities ; Tech- 

Fnical and professional organizations ; 
Codes of conduct; Legal status; Ex- 

‘Bchange of technical knowledge. 

Engineers have accepted the educa- 

‘Ftional process as a part of the prepara- 
tion for practice. They have organ- 
ized themselves for the study of their 

# educational activity and they have fur- 

‘Bther organized to increase their tech- 

Buical abilities. The first two items 

Piherefore, have become a part of our 

‘Bregular professional procedures. 

To have a profession there must be 
pride in ancestry and hope for pos- 

‘Pierity. No great organization came 

#itom nowhere, and to live it must have 

‘Phope that it is going somewhere. En- 

‘Bagineering as a profession is just begin- 

Bring to come of age, yet it has a long 

history of accomplishments reaching 

#itom the shadows of the pyramids to 
modern industry. Through the centu- 

« fies is marked a path which our fore- 

*Presented at the 52nd annual meeting, 


SP.E.E. (Sections and Branches), Cincin- 
Ati, June 22-25, 1944. 


bears have followed; they have leit 
“footprints on the sands of time.” 

As we grow professionally we must 
make a readable record of the achieve- 
ments of engineers who have gone be- 
fore and teach it to the practitioners of 
tomorrow. No other work would add 
to our professional consciousness and 
stimulate us more to further achieve- 
ment. Possibly some one in this room, 
or some one of your students, will be 
the person to tell the story of achieve- 
ment which began with the dawn of 
history and has continued with increas- 
ing tempo until this day. 

Not only should some one record 
the achievements of engineers as a 
group, but he, and others, should write 
about the great men who have made 
our calling famous. Another Samuel 
Smiles should write of the men of to- 
day and yesterday, recording, for our 
generation and generations to come, 
the achievements of men who have 
builded the railroads, established in- 
dustry, developed communications, and 
transmuted materials. Individual 
names should be recognized in a style 
of Elbert Hubbard in order that all 
who will may read. 

A history and a tradition is not all. 
There must be a future which holds 
promise. Few are willing to become 
prophets of the new age now being 
born. All realize that the engineer 
must play a difficult and important 
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part in it. Let us dream before our 
students about the great things of the 
future, that they may go from the 
classroom knowing that there is a place 
in the new world for them. These 
things can be taught by men of vision 
and only such men should be the teach- 
ers of the future. 

Engineers are distinguished from 
other professionals by their method 
and technique and by the kinds of 
services they perform. By the study 
of technology they acquire the method 
and technique. Daily they solve with 
varying skill, the problems which 
presage their engineering activity. 
Good teaching will search for prob- 
lems which simulate engineering prac- 
tice and which develop the scientific 
method. 

It is a paradox that science is often 
taught by those who know little or no 
science. By rote they teach that a 
law is true and on good authority, and 
they give no reason why. This is’ not 
scientific. To understand science and 
its method the student must be made to 
know that a law is true because all 
the evidence points to its truth. He 
does not remember its wording but he 
knows its truth. All roads may lead 
to Rome, but what is the meaning of 
the statement and what were the cir- 
cumstances of its utterance? Teach 
the student to read in search of an- 
swers to questions and not to accept 
glib statements because they are in 
print. 

We cannot live the experience of 
the race over in every class, but we can 
teach students to approach their tasks 
with a questioning mind and we can 
develop in them a spirit which will 
not believe without being persuaded. 
In every class the engineering instruc- 
tor should consciously strive to de- 
velop the engineering method and tech- 
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nique. The students should be abley o t 
know when their solutions are copg the 
rect and they should be able to ¢ A 
velop methods of proving their eveng cult 
result. not 
The psalmist said “get understandg may 
ing” and above all “get wisdom.” Tyg Sut 
know that the result is correct tha Spit 
student must have an understanding perf 
of the problem and he must underg xe? 
stand the solution. His judgments img have 
prove with experience in practicdg 8! 
applications. dent 
President Wickenden has preacheg doin 
the doctrine of the second mile. Ig 7 
acceptance must be one of the firgg TSP 
tenets of the professional man. Sogg ‘nov 
ety has conspired to place. him ing the ‘ 
position where he alone knows fessi 
to do and again he, or his fellows, mug laws 
judge whether he has acted with requg 8!ve! 
site knowledge and skill. This whic 
tion of confidence to the public and tg "atu 
client places a professional responsig and 
bility on the practitioner. Bearing thig hand 
responsibility he can do no less th pend 
his very best. If it takes services nig ™ust 
required in the bond, the services m prob 
be rendered in order that the job mag judg 
be well done. Here is required a king ts, 
of work not fostered by “time and@™ 400 
half for overtime”; it is a kind og Publi 
service that only a “servant of f Gr 
people can render.” grou 
Some years ago Vannevar Bush @ profe 
veloped the thesis that all professio ther 
men are direct descendants of the di ‘ g1 
medicine man who held his position@g Pract 
esteem in the tribe because of his build 
ice to the people. Lawyers, doctomg © | 
ministers, teachers, and engineers @ Exch 
not paid by the hour or even by and « 
job; they are paid, in part at least, # con 
the knowledge that they have sé Te 
well. This may sound like Puritanis schoc 
in this modern day, but it is the W ag 
the c 
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of their fellows and the confidence of 
the people. 

An attitude of service may be diffi- 
cult to transmit to students. It will 
not be hard to tell the story, but service 
may be a very elusive thing to teach. 
Surely we can foster the attitude and 
spirit by requiring the best possible 
performance of each assignment and 
exercise. Sloppiness and skimping 
have no place in the training of the 
engineer. Early in his career the stu- 
dent must learn that the best is worth 
doing for the sake of doing it. 

To further understand professional 
responsibility the young engineer must 
know the relation of the practitioner to 
the client and the relation of the pro- 
fessional man to the public. By the 
laws of the land, professionals are 
given certain rights and privileges 
which are vouchsafed because of the 
nature of their work. Public health 
and public safety are often in their 
hands and always the public weal de- 
pends upon their actions. Since they 
must determine the solution of the 
problems of society and then be the 
judges of the rightness of their own 
acts, they are placed in a peculiar posi- 
tion of confidence to clients and to the 
public. 

Group consciousness is essential to 
group nurture and maturity. For the 
professions groups are formed to fur- 
ther the knowledge of their work and 
to give professional aid to individual 
practitioners. No one engineer can 
build a profession; no one practitioner 
can build a railroad or an industry. 
Exchange of knowledge is essential 
and codrdinated effort of many makes 
a complete design. 

Team work can certainly begin in 
school. Student and teacher should 
form a team; the other members of 
the class contribute to the joint effort. 





583 


Branches of the national societies will 
introduce students to the technique 
and philosophy of society organiza- 
tion. In the student branches a study 
may be made of the other national 
societies and the activities of E.C.P.D. 
Discussions may be organized about 
the registration movement and its ef- 
fect on the engineering profession; 
study should be made of unionism and 
its threat to professional integrity. 
These and other topics should engage 
the attention of the undergraduate in 
order that he may have a professional 
attitude toward group problems as he 
enters the profession. 

Finally a place must be found for a 
study of the ethics of the profession. 
Here should be stated the principles 
which govern the relation of the prac- 
titioner to his employer, the prac- 
titioner and the public, the practitioner 
to other practitioners, and surely the 
relation of the practitioner and his em- 
ployees. Most of the codes of practice 
forget the relation of the engineer to 
his employees because the codes have 
been written to govern the practice of 
the consulting engineers and it has 
been assumed that he will know how 
to treat his helpers. Since a great ma- 
jority of the members of the engineer- 
ing profession are employees, the codes 
of ethics of the future must state the 
relation of the engineer-employer to 
his employees. Many of the problems 
now facing young engineers are an 
outgrowth of the neglect of engineers 
in positions of influence to see to it 
that their engineer-employees have a 
fair consideration when salaries are 
fixed. | 

To summarize let us say that regu- 
lar courses in the engineering program 
lend themselves to professional inter- 
pretation. To succeed in growing a 
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professionally minded group, the whole 
faculty must work as a team in produc- 


ing a professional atmosphere. Surely 
it goes without saying that no profes- 
sional concept can have roots or graw 
where the teachers are not profession- 
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ally minded. Begin with meetings of 
the faculty, determine the road that 
should be traveled, and then check 
from time to time the direction signs 
to make sure that progress has been 
made in the right direction. 


Necrology 


HERBERT M. DIBERT, Secre- 
tary-Treasurer and Sales Manager of 
the W. and L. E. Gurley Company, 
died suddenly April 7, 1945, at his 
home in Troy, New York. 

Mr. Dibert was graduated from 
Rensselaer Polytechnic Institute in 
1908 with the degree of Civil Engineer. 
During the years from 1908 to 1912, 
Mr. Dibert served as an instructor in 
Civil Engineering first at Rensselaer 
and later at the University of Pennsyl- 
vania. In 1912, Mr. Dibert entered 
the employ of the W. and L. E. Gurley 
Company and since that time had risen 
to the executive position which he held 
at the time of his death. 

Mr. Dibert had maintained active 
membership in the Society for the Pro- 
motion of Engineering Education since 
first becoming a member in 1913. He 
had always been active in the affairs of 
the Civil Engineering Division and in 
particular, the Committee on Survey- 
ing and Mapping, having promoted 
and taken an active interest in the Na- 
tional and Regional Conferences Spon- 
sored by the Committee. At the time 
of his death he was Secretary of the 


Civil Engineering Division and perma- 
nent Secretary of the Committee on 
Surveying and Mapping. Mr. Dibert 
was held in the highest esteem by all 
who knew him as a grand fellow per 
sonally, and as an able leader whose 
wise counseling served this Society 
well. 

In addition to the Society for the 
Promotion of Engineering Education, 
he was a member of the American 
Society of Civil Engineers, American 
Society of Photogrammetry, member 
of the Committee on Field Engineer 
ing of the American Public Works 
Association, Chairman of the Teck 
nical Division on Surveying and 
Photogrammetric Instruments of the 
American Congress of Surveying and 
Mapping, Associate Member of the 
American Society of Mechanical En 


‘gineers, a Fellow of the Royal Gee 


graphical Society, a member of the 
American Road Builders Association 
and member of the Newcomen Society, 
the Engineer’s Club, the Export Mam 
agers’ Club, and Shanghai Tiffin Club 
of New York City. 
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Machine Design Instruction in the Post War Period * 


By PAUL H. BLACK 


Cornell University 


When your Chairman, Professor 
Ryan, extended the invitation to me to 
speak on the subject of Machine De- 
sign in the Post War Period, he sug- 
gested that the subject be treated so as 
to stimulate discussion. That part of 
the assignment is easy to fulfill, since 
itis not hard to get machine designers 
into discussion. A more difficult part 
of the assignment is to predict the fu- 
ture role of machine design in the light 
ofits past and its present status. The 
subject can well be considered in two 
parts: graduate instruction and under- 
graduate instruction. 

As to graduate instruction, it is ap- 
parent from reports of committees of 
this Society and other societies, such 
as the ASME, that graduate instruc- 
tion in engineering education will be 
expanded in the postwar period. To 
one who has followed the recent de- 
yelopments in the general field of de- 
sign, it is evident that considerable 
emphasis must be placed on graduate 
instruction in the future if its high 
level is to be maintained. The recent 
developments have been in many new 
fields as well as in older ones. It will 
be necessary to consider extensively 
subjects such as (1) Fatigue proper- 
ties of materials including effects of 
stress concentration and corrosion. 


*Presented at the 52nd annual meeting, 
SP.E.E. (Mechanical), Cincinnati, June 22- 
25, 1944. 


(2) Properties of materials at elevated 
and subnormal temperatures. (3) 
Surface finish and its tremendous ef- 
fect on friction and wear and their in- 
fluence on design. (4) Vibration 
characteristics of machinery. (5) 
Lubrication and journal bearing de- 
sign. (6) The experimental methods 
of stress analysis and the interpreta- 
tion of data secured by their use. (7) 
Dimensional analysis. Each of these 
subjects is a field of study in itself, 
but the question that arises is “Can 
the competent machine designer af-- 
ford to be ignorant of any one?” 

In addition to providing instruction 
in these subjects for men interested in 
design and development work, the 
graduate work serves to keep the in- 
structional staff well informed and up 
to date. 

Now as to the undergraduate phase, 
it is well to consider the objectives of 
courses in machine design. While the 
objectives vary considerably in the 
several institutions, the following two 
broad objectives are common, .I be- 
lieve, to most courses. 

First, to develop in the student the 
design attitude. By this is meant an 
open consideration of all the. inter- 
related factors appearing in the design 
problem. A consideration of these fac- 
tors results in a final choice of mate- 
rial, process, size, form. and finish of 
parts and their specifications, and in- 
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cludes considerations of strength, stiff- 
ness, lubrication, vibration character- 
istics, safety, production, cost, etc. 
Experience in the proper application 
of theory including an appreciation of 
its limitations, and a proper use of 
engineering judgment, all are included 
in acquiring the design attitude. 

A second objective is that of ac- 
quainting the student with informa- 
tion and knowledge of structural de- 
tails of elements of machines including 
the units of power transmission. The 
latter includes belts, chains, gears, 
brakes, couplings and clutches, shaft- 
ing, bearings, etc., and also familiarity 
with commercial sizes, standards, 
codes, etc. These two objectives may 
-not be entirely inclusive, but they are 
broadly, I believe, what most of us are 
striving for. 

Now I would like to consider a third 
objective. Possibly some of you are 
already doing what I have in mind. 
If so, an account of your experiences 
would be valuable. This objective is 
not a result of entirely my own ideas 
but those of my associates in some 
half dozen institutions where I have 
been either a student or a staff mem- 
ber, and also results from many dis- 
cussions with my friends from other 
institutions both educational and in- 
dustrial. The objective is that of in- 
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tegrating courses in the entire me 
chanical engineering curriculum. 

The various courses in a mechanical 
engineering curriculum are generally 
given in a somewhat unrelated manne 
and many students go through the ep. 
tire curriculum without seeing their 
connection, or relations. As Professor 
Buckingham says in his book “Produc. 
tion Engineering,” the courses are too 
often of the pigeon-hole variety, 
Could not a properly planned course 
in machine design serve with advan 
tage to do this integrating job? 

The type of course I refer to would 
substitute for the usual machine design 
problem, work more of the nature ofa 
mechanical design project. Such work 
may involve procedure similar to that 
followed in design offices. Such work 
may inyolve conceivably a considera 
tion of thermodynamics, consideration 
of special properties of materials and 
heat treatment, etc., investigation of 
vibration characteristics, possibly cot 
sideration of chemical effects, charac 
teristics of electrical machinery, ete 
The introduction of such an objective 
would make broad demands on the 
machine design staff. It seems to me 
it would yield superior graduates if 
mechanical engineering and would 
raise machine design from just another 
course to a higher level of attainment 
where it justly belongs. 
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Post War Education of Foreign Students 


By R. C. DISQUE 
Drexel Institute of Technology 


The writer was asked by the presi- 
dent of this society to attend a confer- 
ence in Philadelphia February 28-29, 
1944, to consider post war education 
in American educational institutions 
of students from the war torn coun- 
tries of the world. The meeting was 
held under the joint auspices of the 
Edward W. Hazen Foundation, the 
Association of American Colleges, and 
the Institute of International Educa- 
tion. In attendance were delegates 
from twenty-four national educational 
associations representing practically all 
areas of interest in higher education 
and research in this country, as well as 
fepresentatives of the Department of 
State, the Department of Agriculture, 
the Foreign Economic Administration, 
the U. S. Office of Education, the Of- 
fice of Coordinator of Inter-American 
Affairs, and the Bureau of the Budget. 

From the deliberations of the con- 
ference it appeared that the United 
States would, after the war, face a 
most extraordinary opportunity—that 
of becoming the educational center of 
the whole world. The more one con- 
siders the nature and scope of this op- 
portunity, the more one must view it 
as an obligation to both our country 
and the rest of the world. Only the 
most extreme isolationist could pos- 
sibly view the matter in any other 


light. 


*Presented at the 52nd ‘annual meeting, 
SP.E.E. (Chemical), Cincinnati, June 22- 
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Let us consider the facts. Outside 
of-the United States there are no im- 
portant areas in all the world in‘which 
the educational plant and facilities are 
not being hopelessly devastated and 
deteriorated by the present war, either 
as a direct consequence of military op- 
erations or as a result of the deliberate 
policies of the axis countries, especially 
Germany. Even though the German 
institutions of higher education should 
emerge unscathed from the war— 
which is unlikely—it is obvious that 
they will not play a significant part in 
providing educational opportunities for 
the rest of Europe. Germany will be 
so feared and distrusted by all of the 
populations of Europe that her institu- 
tions will not be attended by foreign 
students for many years to come. 
Furthermore, German teachers and ex- 
perts will not be tolerated in the war 
torn countries. In fact leaders of the 
countries of Europe are now openly 
giving expression to this attitude. 

It seems clear, too, that Great Brit- ~ 
ain will be in no position to meet any 
large part of the need, because her 
own institutions. will be wholly inade- 
quate to catch up with her own needs, 
to say nothing of the proposed exten- 
sion of her educational opportunities 
beyond those of the pre-war period. 
This arises not so much from the. de- 
struction of the educational plant as 
from the decimation and dispersion 


of her faculties. 


On the other hand, the facilities for 
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higher education in the United States 
will no doubt emerge from the war 
practically intact. While a certain 
amount of obsolescence and deprecia- 
tion of equipment will have set in and 
the faculties will to a certain extent 
have been dispersed, restoration of 
their normal degree of effectiveness 
will be comparatively rapid. Our 
country will offer the only hope of 
anythipg like satisfactory educational 
opportunities on the higher levels in 
the whole world. 

But the war torn countries of Eu- 
rope will not be alone in their demands 
on our educational facilities. Account 
must also be taken of the needs of such 
countries as China, India, Africa, and 
South America, all of which have even 
in normal times looked beyond their 
own borders for much of their higher 
education. In the past, many of these 
countries have sent their students to 
Germany ; but again, fear and distrust 
of Germany will cause them to look 
elsewhere after the present war. 

Such studies as have been made of 
the educational needs of the post war 
period indicate that three kinds of 
training and education will be re 
quired: (1) Short courses of two, four, 
or six months, in agriculture, food 
processing, simple medicine and hy- 
giene, business administration, social 
service, and engineering. (2) Acceler- 
ated professional and scientific courses 
in medicine, sanitation, nutrition, edu- 
cation, applied science, social service, 
and business administration. (3) Full 
collegiate and university work, both 
graduate and undergraduate, in prac- 
tically all fields. It seems clear at the 
moment that all this work will have 
to be done in institutions above the 
high school level. 

The conference in Philadelphia con- 
cerned itself with the questions which 
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must arise in the minds of everyone 
namely: (1) How large will the pro 
gram be? (2) How can this burdey 
be added to the heavy load which 
American colleges will have to bear ig 
caring for our own country’s post wat 
needs? (3) How can the program be 
financed? (4) What coordinating and 
administrative bodies will have to be 
set up to put it into effect? 

In regard to the size of the program 
no definite statement can as yet he 
made. It is reasonable to believe 
however, that the minimum number 
will be about five thousand a year, oF 
a total of twenty thousand in attend 
ance at any one time. It should be 
pointed out that this would not bea 
significant addition to our normal st 
dent population of 1,300,000.. It may 
certainly be presumed that our educe 
tional institutions will find ways and 
means of meeting this obligation. If 
all of the educational agencies, both 
public and private, could be mobilized 
and codrdinated the work would fo 
doubt be easily done. It is to be re 
membered that our educational inst 
tutions have not been notably efficient 
in their utilization of time and spate 
available. Our schools and college 
have for the most part operated 
part of each day, part of each 3 
and part of each year. By raising 
time and space utilization factors, 
could do enormously more than t 
have ever done in the past. 

Bearing on the same question aft 
the extensive educational facilities @ 
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oa very large scale. It may be that 
industrial periods will be spent in the 
homelands of the students themselves, 
thus accelerating the restoration of the 
industries of those lands and easing 
the burden on the educational institu- 
tions. To these may be added the 
many educational projects which the 
departments and bureaus of the federal 
government regularly conduct. It 
seems reasonable to believe, therefore, 
that means can be found for bearing 
the additional burden on the American 
institutions if the will to do so is 
strong enough. 

The third question relates to finan- 
al support of the program. This 
problem seems, at first sight, to be a 
very formidable one. But a study of 
conditions in this country reveals that 
itis not by any means an insoluble 
oe. There is first of all the possi- 
bility of support from our own federal 
government, which is very deeply in- 
terested in the international aspects of 
the projects. Evidence of this interest 
isfound in the attendance at the Phila- 
delphia conference of representatives 
of six federal agencies. There are also 
~— merous philanthropic foundations, 
4. Many private funds, civic groups, labor 
.§ Sganizations, national groups, foreign 
governments, and other agencies too 
tumerous to mention, all of which add 
af to a very large reservoir of finan- 
tial resources. 

‘| In regard to the last question, it goes 
»§ Without saying that many and various 
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jes fy MMinistrative problems will have to 
have & Solved in order to implement the 
is - program. Many of these, such as im- 
idents™ Mgtation restrictions, exemption from 


service, and tax laws, will 
‘mettle Meessarily be handled by the federal 
lly agg Sovernment departments and by gov- 
or tem ment personnel in various parts of 
the world. So far as these aspects of 
Pite administrative problem are con- 
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cerned, we can be sure that the Depart- 
ment of State, as well as all the other 
federal departments, will codperate 
with the utmost enthusiasm. In fact, 
these departments have been studying 
the matter for a long time and may be 
expected to issue a formal statement 
of policy in the near future. The col- 
leges and universities will likewise 
have to face many difficult administra- 
tive problems in order that large num- 
bers of foreign students may be ab- 
sorbed in their student population with 
maximum of effectiveness. These 
problems will pertain to the selection 
and guidance of the students, their 
placement in the various levels of the 
curricula and in industry, to their so- 
cial and educational adjustment, and 
to many others. In order to meet their 
obligations, the colleges and universi- 
ties in America should certainly in- 
clude these matters in their post war 
plans. 

Two practical steps were taken by 
the Philadelphia conference. One was 
the adoption, after thorough discus- 
sion, of the report of the Committee 
on Findings. This report is a compre- 
hensive statement of the consensus of 
opinion of the entire conference, and 
it is therefore quoted here verbatim: 


The representatives of American Edu- 
cational Associations here assembled rec- 
ognize the importance and urgency of 
codperation with Government in provid- 
ing facilities for the education of stu- 
dents from the war-torn countries. We 
recognize this as a great opportunity for 
the United States to codperate with the 
peoples of these lands in establishing a 
stable postwar world. ; 

It is evident that the war-torn coun- 
tries will be desparately in need of assist- 
ance in educational and cultural recon- 
struction after the war. Our people very 
properly will wish the Government of 
the United States to codperate in this 
program. In doing so, the first step may 
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be to negotiate bilateral agreements for 
the reception and exchange of students 
and teachers; and to do this in collabora- 
tion with the institutions and agencies 
representing both publicly supported and 
privately supported education in the 

United States. 

We believe that education of students 
from other countries is primarily the 
function of our existing educational in- 
stitutions. We anticipate, however, that 
the magnitude of the task will require 
supplemental support from our Govern- 
ment, in addition to that which will be 
supplied by other Governments, the insti- 
tutions themselves and by other agencies. 

In codperation with the U. S. Office of 
Education, other Government depart- 
ments and with educational institutions 
and other agencies, the Department of 
State should formulate the general poli- 
cies governing this program, based upon 
the determined needs. - It should also 
negotiate agreements with foreign gov- 
ernments and obtain, in collaboration 
with other agencies, the necessary data 
on which the program is to be founded. 
It should survey existing and proposed 
legislation and immigration procedures, 
with the view to facilitating the entrance 
and residence of students from other 
countries by removing unnecessary re- 
strictions upon such students and also 
with the view of extending privileges 
enjoyed by such students to trainees from 
other countries who come for training in 
industrial, business or governmental 
agencies. 

The educational institutions and agen- 
cies should provide information as to 
their resources and facilities. They 
should undertake to adapt their regular 
curricula to the students coming to the 
United States or organize other pro- 
grams to meet the particular needs. 

. Where possible, they should provide some 
assistance to the students. 

The sponsors of this conference are 
authorized to organize a small. provi- 
sional continuing committee, consisting 
of representatives of educational associ- 
ations of the country. This continuation 
committee shall codperate with officials 
















































POST WAR EDUCATION OF FOREIGN STUDENTS 





appointed by the government in the for. 
mulation of such a ptogram. It shg 
assist in formulating policies regarding 
an appropriate program. It should play 
procedures for enlisting the resources of 
educational institutions and agencies 
making use of available experience and 
facilities. It should enlist public interes 
and support. 





The second step was the appoint 
ment of a Continuation Committee as 
recommended by the Committee on 
Findings. The, members of the Com 
tinuation Committee are as follows: 
Esther C, Brunauer, American Asse 

ciation of University Women 
Lindley H. Dennis, American Voge 

tional Association 
Luther P. Eisenhart, 
search Council 
Willard E. Givens, National Educ 
tion Association 
Walter Hullihen, National Assoce 
tion of State Universities 
George Johnson, National 
Welfare Association 
Roscoe L. West, American Associ 
tion of Teachers Colleges 
Stephen Duggan, Institute of Inte 
national Education 

Guy E. Snavely, Association of Amefi 
can Colleges 

Paul J. Braisted, The Edward W 

Hazen Foundation 

In view of the fact that engineeri 
and applied science will constitute: 
very large part of the project herel 
described, this Society should prep 
itself to take its share of the work 
planning the program. It is recom 
mended, therefore, that the next a 
ministration of the society include th 
project in its list of obligations for 
coming year. What form this @ 
operation will take must depend” 
the work of the Continuation 
mittee which should formulate 
announce its plans in the near fut 
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plant with buildings, machinery and 
equipment, and it also has materials 
and workers, but all these are useless 
unless it has the know-how—both 
technical and management—for run- 
ning the business. Technical know- 
how, or knowledge of production, in 
manufacturing includes research, de- 
velopment, design and all other work 
done in an engineering department; 
the mechanical, electrical and chemical 
production in the plant itself and the 
inspection or testing of the product. 


MANAGEMENT 


The know-how which is called man- 
agement includes the whole body of 
knowledge concerned with getting 
work done. The technical branches 
of engineering received their principal 
development during the 19th Century, 
but it was only at the turn of this 
century that the pioneers, Taylor, 
Gantt and the Gilbreths, conceived the 
idea that management also is subject 
to laws and principles and that technics 
could be worked out which would be 
comparable in accuracy and value 
with those of mechanical or civil engi- 
neering. The vision of these pioneers 
has been realized and we now have 
a body of management technics based 





* Presented at the 52nd annual meeting, 
S.P.E.E. (Industrial), Cincinnati, June 22- 
25, 1944, 


The Know-How of Industry * 


By WALLACE CLARK 


Consulting Management Engineer 


Every industrial enterprise has a 
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on scientific principles whose value is 
almost universally recognized. 

As they were first worked out, 
methods of management were rigid 
and rather complicated. Gantt took 
the first steps to humanize them, in- 
sisting that they must be sufficiently 
clear and simple so that they could be 
understood by the. people who - used 
them. Since that time continuous 
progress has been made in simplifying 
the methods, adapting them to various 
needs and training people in their use. 

These are the principal technics 
which make up the “know-how” for 
managing a mamufacturing business : 


Production planning and control, 
consisting of methods to secure a 
rapid and even flow of work 
through a plant. This includes 
advance-planning, load of work 
ahead, daily schedules and records 
of performance. 

Plant layout; that is, locating ma- 
chines and equipment so as to 
secure the best conditions for 
workers; the desired quality of 
production; the shortest time to 
manufacture and economy of 
transportation. 

Improvement of processes; that is, 
by means of .motion and time 
studies, finding the best way of 
doing work from the point of 
view of quality, quantity and 
fatigue. 
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Purchasing materials at reasonable 
prices to meet requirements as to 
quality and delivery. 

Storeskeeping, which makes sure 
that materials will be on hand 
when needed. 

Personnel management, which in- 
cludes the selection and training 
of workers and all relations with 
unions and their representatives. 

Wage payments, including rate set- 
ting and incentives. 

Costkeeping, which aims at reducing 
future costs. 

Budgeting of overhead expenses. 

Planning of sales, which begins with 
market analysis and _ includes 
methods of selling and of compar- 
ing results with quotas. 

Financial planning, to provide the 
money necessary to operate the 
business and to secure a satisfac- 
tory turnover. ; 

Executive control of the business as 

a whole, which maintains a bal- 

ance of development, production, 

sales and finances. 


In some enterprises these methods 
are highly developed and well under- 
stood by the supervisory personnel. 
In other plants their value is not yet 
realized. 


MetuHops oF INSTALLATION 


During recent years consultants and 
company executives responsible for 
organization methods, have developed 
special technics of installation. These 
comprise: the analysis of existing 
methods and the determination of 
needed changes, and technics of in- 
troducing new methods and getting 
them accepted and used. 

The technics which have been out- 
lined are the tools of the management 
engineering profession, not only of 
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consultants but of engineers who prag- 
tice as executives or staff of a many 
facturing company. Skill in the use of 
these tools cannot be acquired quickly 
or easily. Years of study and practice 
are essential. 

Our own company might be consid 
ered more or less typical of consulting 
firms. I had the good fortune to learn 
the principles and basic technics from 
Gantt and the Gilbreths. That was 
followed by twenty-four years of im 
tensive practice as an independent con 
sultant. The methods we use were 
hammered out on the floors of hum 
dreds of shops in this country. Dur 
ing fourteen years in Europe we tested 


these American technics in the indus 


tries of twelve countries. Since 1939 
we have applied them continuously to 
war production, both in Government 
and in private industry. 

Other consultants have methods 
which are similar in some ways and 
different in others, but all those of 
accepted standing in their profession 
have developed, with hard study and 
much experience, a body of technics 
which can be adapted to practically any 
kind of industry. 

With the development of this know- 
how in industry there has been paral 
lel progress in teaching the principles 
and technics of management. What 
industry needs now is more manage 
ment engineers who have been trained 
in our universities. Industry needs 
also to develop more effective ways of 
giving these engineers experience in 
practical shop work. 

If possible, the student or you 
executive should be trained in all @ 
the management methods. Later he 
may become a specialist, but he will be 
a better specialist if his education and 
training are well rounded. # 
Obviously, the relative importance 
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of the standard management technics 
yaries in different periods. During 
the depression of the ’30s, when there 
were more machines and workers than 
were needed, planning became easier 
and less attention was paid to it. Ex- 
eutives concentrated on _ reducing 
costs of material, labor and overhead, 
releasing money tied up in inventories 
of equipment and materials and on 
sales and financial planning. 

This situation changed quickly dur- 
ing the months before our entry into 
World War II. Planning came into 
its own. Production planning took its 
place at the head of the line and timing 
became of first importance. War ma- 
terial got into production at a speed 
unheard of in peace times. Changes 
in design were made during produc- 
tion without seriously interfering with 
output. Special attention was given to 
the expediting of purchases and sub- 
contracts, the improvement of proc- 
esses by motion and time study and 
the training of personnel. 

In’ these war years little attention 
has been paid to costkeeping or to 
sales. Finances have been easier to 
handle because profit margins have 
been generous, the Government has 
paid invoices fairly promptly and has 
made most of the capital investments. 
Incentives were almost forgotten until 
this year. 

As we enter the post-war period 
there will be another shift in emphasis. 
Production planning will continue to 
be most important because of the 
quick change from war to peace pro- 
duction, which will be required in 
order to avoid unemployment. Short- 
ages of materials and uncertainty of 
demand will also require flexible plan- 
ning. Plant layouts will have to be 
tevised because of changes in products. 
Costkeeping and incentives will resume 
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their importance because of keen com- 
petition. For the same reason, sales 
planning will be a critical need and 
high taxes and changing markets will 
require expert planning of finances. 
The technics of executive planning 
and control will be in great demand. 

The “know-how” of management 
includes not only the standard technics 
and the methods of their installation. 
The third requisite, and one which is 
of equal importance, is the attitude of 
the management engineer toward the 
people with whom he works. He 
should understand that the manage- 
ment of industry can be improved only 
as the people in it are developed. He 
should like people and believe that 
they can do things which are beyond 
their past experience or capabilities. 
He must be an optimist in regard to 
human nature. 

He should understand that men do 
not work for money only and that 
much of their satisfaction comes from 
doing a good day’s work and from 
the commendation and respect of their 
fellow-workers, employers or the com- 
munity. The desire to be of service to 
others is often a stronger motive for 
action than self-protection. The man- 
agement engineer who understands 
people will act on the basic assumption 
that every man wants to make good 
on his job and that the best way to 
get a change accepted is to show an 
individual how it will help him to 
make good. 

In this important part of manage- 
ment know-how, the young engineer 
needs expert guidance to develop prin- _ 
ciples on which to base his working 
relations with others. He must learn 
that good will is no substitute for tech- 
nics; that it is the proper balance of 
the two which makes a science of 
management. 
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a strong influence on human relation- 
ships. Planning brings an agreement 
as to what is to be done, who is re- 
sponsible for doing it and the dates on 
which each one is to begin and com- 
plete his part. (Of course I do not 
refer to mere paper planning, of which 
so much is being done these days.) 
As it is carried out, progress is com- 
pared with the plan both as to results 
and time. This removes most of the 
petty irritations and. misunderstand- 
ings which follow lack of agreement. 
The executive is reasonably sure that 
each of his staff understands what is 
expected of him and the latter in turn 
knows that his point of view has been 
taken into consideration in preparing 
the plan. 

Expense budgets have the same in- 
fluence on human relationships. They 
represent a meeting of minds as to 
what should be spent to attain a cer- 
’ tain result, and give to a subordinate 
the limits within which he is free to 
act on his own initiative. 

The proper use of these technics 
ensures relations that are frank, open 
and aboveboard. That is what we like 
to call the American way of doing 
business. 


FIELD FOR MANAGEMENT 
ENGINEERING 


The field in which the trained man- 
agement engineer ‘can work is very 
broad. Here in our own country much 
remains to be done to bring all indus- 
try up to the standards which have 
been set in a few companies. The 
general acceptance and reasonably ef- 
ficient use of the technics already 
known would more than double pro- 
duction. This would increase the 
purchasing power of the workers and 
broaden our domestic markets. It 
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The use of management technics has 


tive resources. 

These technics need to be intro 
duced into our new industries, such 
as electronics and plastics, as well as 
more intensively into research and 
development, and distribution. 


THE ForEIGN FIELD 


A vast field for management engi- 
neering is opening up in foreign coun 
tries, which look with wonder and ad- 
miration at the high living standards 
of the American people and _ believe 
that our prosperity is the result of the 
industrial advances we have made 
during the last fifty years. Those 
countries want producing equipment, 
technical knowledge and skill in mam 
agement technics. They are looking 
for the complete know-how of modern 
industry. 

The so-called “occupied countries” 
in Europe which have been industriak 
ized for a long time but have been cut 
off from progress during this war, afe 
now looking eagerly for the best and 
most up-to-date technics. 
to resume leadership in their own spe 
cial fields. 

The countries which have not been 
industrialized, or have only begun, 
want all the fundamentals. In_ this 
latter group are Russia, China, India, 
Pan-American Republics and Africa. 
They will not look to Germany for 
this knowledge. Great Britain will at 
tempt to supply it for the British: Em 
pire but will not have the resources 
or personnel to go far beyond that 
field. The non-industrialized cout 
tries prefer American mass-production 
technics to British “cut and fit” meth 
ods, because they want large quantities 
of low-priced goods for the “commom 
man.” 

The United States of America will 
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undoubtedly take first place in indus- 
trializing other countries, because we 
will have: - 


Machines and equipment of the lat- 
est design and the capacity to turn 
them out in large quantities; __ 

An increased number of technicians 
due to our industrial expansion 
during this war, and 

Credits which are long enough to 
enable. customers to pay for 
equipment and technicians out of 
the profits from production. 


Plans are being prepared in several 
foreign countries to bring together 
privately-owned and Government- 
financed plants and to operate them 
asa group. This will require manage- 
ment engineers of more experience 
and vision than are available in those 
countries. Markets, both domestic 
and export, must be studied in order to 
determine quantities and varieties that 
the plants should produce. Suitable 


equipment must be specified and pur- 
Operators will need to be 


chased. 
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trained on the new equipment so that 
they can use ,it to its full capacity. 
Methods of management for individual 
plants and for whole industries must 
be introduced and executives trained 
in their use. 

Some of these countries need the 
rudiments of management, while oth- 
ers want up-to-date methods for oper- 
ating groups of industries at high 
efficiency. 


OPPORTUNITY FOR SERVICE 


There are few fields for the young 
engineer, either in this country or 
abroad, which offer such opportunities 
for service to others as does the man- 
agement profession. The elimination 
of waste, raising quality standards, in- 
creasing production, reducing costs— 
all contribute toward providing a 
fuller life for people. Sound technics 
for getting work done release the crea- 
tive energies and develop. the latent 
capabilities of those who use them. 

Thus the engineer takes his part in 
industrial and human progress. 








By WALTER W. TANGEMAN 
Vice President, The Cincinnati Milling Machine Co. 


The successful prosecution of war 

requires the same three essentials that 
are required for the successful prosecu- 
tion of any business—men, manage- 
ment and machines. For the produc- 
tion of the machines of war, machine 
tools have always been an essential 
element. As armies have become 
mechanized, the demand for machine 
tools to build the guns and tanks and 
trucks mounts. In 1937; the biggest 
year in dollar shipments which the 
machine tool industry had had, some- 
thing in the neighborhood of $225,- 
000,000 worth of product was pro- 
-duced. The year 1938 was one of 
mild recession. In 1939 machine tool 
orders from Europe began to come in 
as a direct result of the war. They 
continued in 1940 and late that year 
our own defense program got under 
way and our government began to 
place orders for machine tools. 

Astronomical requirements began to 
take shape and orders accelerated dur- 
ing 1941 to reach a peak in.early 1942. 
Shipments in 1942 were actually be- 
tween $1,300,000,000 and $1,400,000,- 
000 as compared with the pre-war 
peak of $225,000,000—or almost seven 
times the pre-war maximum amount. 
The total value of the machines pro- 


* Presented at the 52nd annual meeting, 
S.P.E.E. (Mechanical), Cincinnati, June 22- 
25, 1944. 


Disposal of Surplus Manufacturing Equipment from 
the Machine Tool Builder’s Viewpoint” 
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proximately $3,900,000,000 and it is wols 
estimated that an additional $500,000- 

000 will be produced in 1944. ae 

I believe that in 1939 we are sup Such 

posed to have had in production in ak 

the United States some 900,000 ma fines 

chine tools of all ages. We have added eo 

since then another 900,000 modem § 44. 

highly productive machines. These faech 

figures, startling as they are, do not a 


prove that we have 900,000 surplus It 
machine tools today. They do ind 







cate, however, that there is in this 
country a supply of tools of relatively a 
modern design to overhaul completely Rea 
our industry. Part of these tools at ae 
ready belong to industry because they 3d 
were purchased with their own funds. How, 
A still larger part belongs to the gov . 
ernment. It is estimated that someg 4. 
$2,500,000,000 worth of machine tools ! 
are today in use in government owned prom 
plants and it is these tools which pre 4, a 
sent the surplus dispesal problem. 
It is expected that in the post-wat# o.4,. 
era our country will experience a§ Q, 1, 
expansion of manufacturing in all The . 
fields with some few obvious excep § si. | 
tions. It is desirable that this produc probl 
tion be carried on with the most modé Af 
ern tools that can be made available® 4,,, 
so that it would seem the part of wi clear} 
dom to set up a system of disposl® to of 
which would permit industry to put @ ment 
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chase tools from government surplus 
stocks to use in the era to follow the 
war. 

There are other requirements, how- 
ever, which must be met even before 
industry can expect to receive con- 
sideration. At the very top of the list 
would seem to be the requirements of 
our armed services for every bit of 
machinery that they decide is neces- 
sary, first, to put their establishments 
in first class shape, and second, to 
build up whatever reserve of machine 
tools may be deemed necessary to 
guarantee our military production for 
at least ten or fifteen years ahead. 
Such a reserve supply or reservoir 
would consist of selected production 
lines and even entire production plants 
for necessary military articles and in 
addition vast storehouses of standard 
machines of all types which can be 
drawn on in case of any emergency. 

It is difficult to say just how big 
this reserve stock of machine tools 
should be and until surveys have been 
completed of all government establish- 
ments, we will not know just how 
many machines will be required to re- 
vamp completely these establishments. 
However, we do know that large num- 
bers of machines will be set aside for 
this purpose. It is extremely impor- 
fant that this selection be made 
promptly because these machines must 
be moved out of contractors’ plants in 
the shortest possible time after war 
contracts are completed so that plants 
tan be reconverted to peace time use. 
The government must act rapidly on 
this matter if the whole conversion 
problem is to go forward promptly. 

After the military requirements 


have been completely filled, then it is 
dearly the intention of the government 
to offer the additional surplus equip- 
ment to industry. Many plans have 
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been proposed. Some of them sound 
purely political in character. At least 
eight or ten bills purporting to settle 
the disposition of this equipment are 
in Congress now. Some of them give 
prior rights to returning veterans, 
some to small business, and many over- 
look entirely the main problem which 
would seem to be to get these ma- 
chines out of the plants where the floor 
space is needed for post-war work and 
into shops where they can begin to 
produce and add to our ecanomy. 
Many also overlook the fact that much 
of this equipment has been installed 
under forms of contract which give to 
the user first right to purchase. 

The government will attempt to sell 
as much of this surplus as possible at 
the best prices it can secure. It seems 
desirable that if possible a formula be 
evolved for pricing the various ma- 
chines. Considerable work has been 
done along these lines and the pricing 
policies are now taking shape. I am 
afraid that at the moment the thinking 
in Washington is to sell all the ma- 
chines that can possibly be sold, and 
then when they can no longer obtain 
orders for what is left, offer the educa- 
tional institutions these particular ma- 
chines. In fact, one of the bills now 
before a congressional committee in- 
vestigating this whole matter of sur- 
plus materials, contains the following 


paragraphs : 


“Whenever the government agency 
authorized to dispose of any property 
finds that it has no commercial value 
or that the cost of its handling and 
sale would exceed the estimated pro- 
ceeds, the agency may donate such 
property to any agency or institution 
supported by the Federal Government 
of any state or local government or to 
any non-profit educational or chari- 
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table organization, or if that is not 
feasible, shall destroy or otherwise dis- 
pose of such property. 

“To afford public, governmental, 
charitable and eleemosynary institu- 
tions and cooperative organizations an 
opportunity to fulfill their legitimate 
needs for surplus property.” 

If you read these paragraphs liter- 
ally, you come to the conclusion that 
only machine tools that have no com- 
mercial value can be donated to educa- 
tional institutions. Obviously, this is 
not what you want or should have. 
Inasmuch as the actual dollar value 
of the machine tools required to re- 
equip properly the mechanical labora- 
tories and maintenance departments of 
our universities is extremely small 
compared to the total value of machine 
tools in the government’s hands, it 
would seem as if these relatively small 
numbers of machine tools could be 


taken out of surplus even before the 
machines were offered for sale to the 
public. 

It is time for our educational insti- 


tutions, particularly our ‘technical 
schools and colleges, to place more and 
more emphasis in their laboratory 
work and in their teaching upon the 
production of goods because after all 
it is America’s ability to produce as 
well as to invent that has made her a 
great nation and underlying all pro- 
duction of goods are machine tools. 
So it should not be too difficult to con- 
vince your legislators that colleges and 
universities are entitled to and should 
have high-grade machine tools in such 
quantities as they can properly use and 
I see no reason why they should not be 
turned over without cost or at very 
little cost. There will be great empha- 
sis on the education of our returning 
veterans and there is no question but 
that in the years to come more and 
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more students will enter our colleges 
and universities. Machine shop prac 
tice must become a more important 
course of study and it should be taught 
on modern tools. 

However, this desirable result will 
not happen unless you gentlemen take 
an active interest in the plan. Your 
case has to be well presented not only 
to the special committees that deal with 
this subject, but to every congress 
man. You must present, as it were, a 
budget of your requirements. This 
can be made up only by summarizing 
the carefully prepared lists of machine 
tool requirements of each institution 
In preparing the lists, by all means be 
specific. Indicate the electric current 
you have available and, if possible, the 
attachments you would like to use. In 
clude also other items of machine shop 
equipment because many of these will 
be in surplus as well. If possible, f 
should think it would be well to ind 
cate by contact with industrial com 
cerns who have this equipment in yout 
vicinity, where the machines can he 
secured and then above all, make the 
necessary arrangements to remove 
them promptly if they are fo 
turned over to you. 

The machine tool industry is all fot 
seeing our educational institutions 
properly equipped with machine tools 
and this seems to be your golden op 
portunity but it must be carefully fok 
lowed up through proper channels and 
your case everlastingly kept before the 
proper committees. I am quite ure 
the National Machine Tool Builders’ 
Association would be glad to help any 
institution prepare a list of the m@# 
chines it should have for either labora 
tory purposes or maintenance ani) 
there is a machine tool builder cet 
tainly in your neighborhood who cai 
render you valuable assistance. 





Teaching Methods in Engineering Analysis * 


By B. R. TEARE, JR. 
Carnegie Institute of Technology 


Engineering Analysis is a course to 
develop facility in the use of orderly 
method—the engineering method—in 
slving engineering problems. It is 
one in which the primary emphasis is 
placed on method rather than on sub- 
ject matter, and in which the subject 
matter with which the method deals 
cuts across the boundaries of custo- 
mary academic fields. It is the pur- 
pose of this discussion to describe the 
features of such a course from the 
point of view of instructional methods. 
Indeed, the course as a whole is a 
method of accomplishing an educa- 
_ftional objective that in general has not 
“been achieved in other, traditional 
courses. 

In the past decade there has been 
a increasing interest in engineering 
analysis as is indicated by the growing 


‘Bmmber of schools that have courses 


similar to the ones to be described. 
TB This interest is reflected in the text- 
‘books available, of which several have 


oP B been published covering the mathe- 


#Matics used in engineering analysis, 
ad recently a book + appeared which 
a good integration of both 
sf mathematical and physical principles 
fi tlat are employed, and which is suit- 
‘Ble for use at the undergraduate level. 


*Presented at the 52nd annual meeting, 


and #SP-E.E. (Instructional Methods), Cincin- 
ti, June 22-25, 1944. 


® f‘Mathematical and Physical Principles 
'§ of Engineering Analysis,” by W. C. John- 
son, McGraw-Hill, New York, 1944. 


The need for such a course grows 
out of the realization that for the most 
part four-year graduates are well 
trained in certain specific applications 
in their field but are unable to deal 
successfully with problems that they 
have not previously encountered, prob- 
lems that may be simply solved by the’ 
application of such fundamental prin- 
ciples as Newton’s laws of motion or 
the law of conservation of energy. 
The student is familiar with funda- 
mental laws in the somewhat super- 
ficial sense that he can state them ade- 
quately and can readily comprehend 
their use by someone else in solving a 
problem, but ordinarily he does not 
have such a thorough grasp of them 
that he can assume the initiative and 
apply them successfully himself in new 
situations. In many of the subordi- 
nate positions that the engineering 
graduate may fill a speaking knowl- 
edge of the laws will suffice, but in the 
more technically exacting positions, a 
speaking acquaintance with funda- 
mental principles is not sufficient and 
a real working knowledge is required. 
Dealing with new situations is so ex- 
tremely characteristic of the high level 
technical positions in engineering that 
it may almost be said to be definitive 
of them. Reputations are not made 
in the profession merely by being’ fa- 
miliar with what has gone before, nor 
by facility in the use of handbooks. 

Lack of the understanding requisite 
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for competency has been discussed by 
President Doherty in the proceedings 
of this Society * and elsewhere, and 
others familiar with the industrial pic- 
ture have concurred in his opinion. 
It was to supply adequately trained 
men, men that perhaps should have 
been trained in the colleges, that Doc- 
tors Doherty and Stevenson in 1923 
organized in industry an Advanced 
Course} for engineering graduates 
which has set a pattern and done much 
to stimulate college courses in engi- 
neering analysis. Many of the educa- 
tional concepts to be discussed here 
had their origin in the stimulating ex- 
perience of being a student in that 
course. 

The ends toward which the course 
in engineering analysis is directed 


have been given in the 1940 Report of 
the S.P.E.E. Aims and Scope Commit- 
tee as one of the objectives of the 


scientific-technological stem: 


Thorough understanding of the engi- 
neering method and elementary compe- 
tence in its application. This requires: 


(@) comprehension of the interact- 
ing elements in situations which 
are to be analyzed; 

(6) ability to think straight in the 
application of fundamental prin- 
ciples to new problems; 

(c) reasonable skill in making ap- 
proximations, and in choosing 
the type of approach in the 
light of the accuracy required 
and the time available for solu- 
tion—in sum, a foundation for 
engineering judgment; 


* “Readjustment of Policy and Program 
in Engineering Education,” Robert E. Do- 
herty. JouRNAL oF ENGINEERING Epuca- 
TION, Vol. 25, September 1934, pp. 26-48. 

+ “An Advanced Course in Engineering,” 
A. R. Stevenson, Jr., and Alan Howard. 
Electrical Engineering, Vol. 54, March 1935, 
pp. 265-268. 
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(d) resourcefulness and originalit 
in devising means to an end; 

(e) understanding of the element 
cost in engineering and 
ability to deal with this factor 
just as completely as with tech 
nological factors. 


And this objective is again emphasized 
in the recent report of the Committe 
on Engineering Education after the 
War. 

It is possible and highly desirable 
that the chosen objective be accom 
plished not only in a single course bit 
in all of the courses of the scientifi¢ 
technological stem. Indeed there i 
probably no course in which it is com 
pletely cGverlooked. However, expeti 
ence seems to indicate that the reque 
site elementary competence in 
engineering method has not been dé 
veloped as a by-product of lectures and 
class exercises whose purpose is th 
imparting and explaining of subjed 
matter. Something further is f 
quired, either an overhauling of maty 
of the classes to throw more emphasis 
on engineering method or the deliber 
ate use of a course designed to acee 
plish this end, The latter procediutt 
is exemplified by the course in eng 
neering analysis. 

Engineering Analysis seeks to ¢ 
velop an elementary competence in tt 
engineering method by the active par 
ticipation of the student in analyzing 
situations that are new to him. Suit 
able exercises for this purpose af 
those which provide an approprialt 
situation to be analyzed, together wil 
a guiding discipline, but in which the 
student must assume the initiati ‘ 
Thus the courses in engineering analy 
sis are problem courses, but not @ 
ordinary kind of problem courses ; ait 
the educational advance occurs to4 
large extent in the work the stud 














does outside of the classroom in solv- 
ing the assigned problems. 

The choice of problems with respect 
to what is required for their solution 
js of the utmost importance. A suit- 
able problem is one that presents an 
engineering situation that is relatively 
new to the student and one for which 
the solution is to be obtained not by 
substitution in handbook formulas, but 
ly the application of fundamental prin- 
ciples. The solution may involve de- 
duction from some established gener- 
dizations of science, or the opposite 
process of establishing a rational refer- 
ence from observed or given data, or 
the creative process of devising. Since 
the problem is built around an engi- 
neering situation it must be studied to 
see what the important elements are, a 
method of solution must be selected 
ares ania and applied, and usually simplifying 
> js they assumptions must be made. Finally 
subjed when a solution has been obtained it 
is tem must be checked as carefully as pos- 
of mama sile and engineering conclusions 
mp ssf must be drawn from the mathematical 
deliber tesults. Some of the problems should 
accom: mvolve cost as an important factor. 
cocedura Lhe procedure of solving problems 
‘n enge™ May in many cases be summarized as 

‘PF iitst, the expression of a given situ- 
ation in terms of a mathematical equa- 
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to de 
e in the tion, second, the solution of the equa- 
‘ve parg tion making use of other subsidiary 
valy zing télationships, and third, the checking 
ut§ % the solution and its interpretation 
ose aig 8 2 useful engineering result. That 
ropriaitg § the treatment of the problem in- 
er will Wlves translation of an engineering 
rich the Situation into mathematical language, 
itiatives Mathematical manipulation, and trans- 
x analpg tion back into engineering terms 
not te @ain. For the most part students are 
es; afl tle to handle the middle step, that of 
-s toa mathematical manipulation, but they 





studeti @ck facility in the first and third steps. 
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Thus the engineering analysis course 
should put considerable emphasis on 
these less common steps and afford 
practice in doing them. 

Problems should also be selected 
with motivation in view. Properly 
selected problems afford an unusual 
opportunity of stimulating student in- 
terest. In general it has been found 
that currently appearing technical pa- 
pers and the teacher’s own research 
are rich sources of problems and by 
the inclusion of some descriptive tech- 
nical background the student can be 
made to feel that he is practicing the 
engineering profession (as he actually. 
is) and not merely. executing scien- 
tific calisthenics in preparation for it. 
Further interest occasionally may be 
added by framing the problems in such 
a way that the answer is unexpected 
or the hastily guessed answer is wrong, 
and by providing a few pitfalls for the 
unwary. However, these devices must 
be used sparingly so as not to lead to 
the formation of wrong impressions 
or to discourage the student. They 
should be directed to the establishment 
of confidence in the use of fundamental 
principles, and fundamental principles 
alone, in the handling of new problems. 

That the stimulation of, student in- 
terest is an important function can 
scarcely be questioned. The teacher 
cannot but look with envy at the un- 
believably high level of interest, in 
terms of college standards, that is 
found in the advanced course already 
mentioned. This may be traceable in 
part to the quality-producing process 
of selection and to the spirit of compe- 
tition between those so selected, and 
in part to the spirit of competition 
between those so selected, and in part 
to the stimulating problems that are 
used. (Also, it is not inconceivable 
that putting the student on the payroll 
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of the department giving the course, 
plus the fact that his showing in it af- 
fects his future promotion, has some- 
thing to do with his interest.) On the 


other hand student interest in college - 


work rarely is great enough to consti- 
tute a major driving force, and often 
it is not comparable to the interest in 
extra-curricular activities. A good 
method of motivation is badly needed. 
One of the best stimulating forces is 
the experiencing, by the student, of an 
increased intellectual power which he 
recognizes, a capacity to understand 
and to get results that he did not previ- 
ously have. And this stimulus can 
readily be developed in the course in 
engineering analysis. 

As important as the type of problem 
is its degree of difficulty. Good engi- 
neering problems may be found at all 
levels, but a problem that is too easy 
or too difficult is of little educational 
value. A problem should be hard 
enough to tax the student’s intellectual 
powers and give him a feeling of 
achievement when he has obtained a 
solution, yet not so difficult that he is 
discouraged. A particular problem 
may be suitable at one level of prog- 
ress, too difficult at an earlier time, or 
too easy if assigned later. Thus, it is 
important not only to select good prob- 
lems, but also to assign them at the 
right time. 

Since the course in engineering 
analysis deals primarily with method, 
it can be designed for almost any level, 
either elementary or advanced, as well 
as for any branch of engineering. It 
has been given to juniors, seniors, and 
first year graduate students, with ap- 
propriate differences in the degree of 
difficulty of the problems involved. 
Also, it is likely that such a course 
could be used to advantage even before 
the junior year to increase the stu- 
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dent’s command of*the work covered. 
If a student has taken engineering 
analysis in both junior and _ senior 
years and has mastered the methods 
covered there it is probably uneco- 
nomical of time for him to take a third 
year at the graduate level. 

The specific subject matter covered 
may be chosen from a wide range of 
possible topics. The emphasis in the 
course is on the use of previously stud- 
ied principles and techniques in the 
handling of new situations, thus the 
introduction of new principles should 
be definitely subsidiary to the use of 
the old ones. The topics involved in 
the problem work are those from the 
mathematics, physics, and engineering 
courses previously studied with a few 
new ones sparingly introduced to 
round out the background. The top- 
ics include principles, concepts, and 
points of view from mechanics, fluid 
mechanics, thermodynamics, heat trans- 
fer, electric and magnetic fields, elec 
tric circuits, and electromechanical sys- 
tems, as they may occur in problems 
that arise in the student’s major engi- 
neering field. And this occurrence 
determines in part the relative time 
devoted to problems in each particular 
field. 

It has been found desirable to begin 
with problems in the field of mechan 
ics because mechanics situations and 
concepts are least abstract and hence 
easiest to visualize, and the mechanics 
concepts of force and work are basic 
to the concepts in other fields; for ex- 
ample in the definitions of charge and 
potential. Also, and especially impor 
tant when the course is given at the 
junior level, most of the student's 
background has been in mechanics. — 

Mathematics plays an important 
role in the course, and much of the 
work even at the junior level invo 
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differential equations of a simple type, 
the second order linear differential 
equation with constant ‘coefficients. 
However, the assigned work is not re- 
stricted to problems that require dif- 
ferential equations; some are solved 
by graphical means and the student is 
required to choose the appropriate 
method. Also the use of mathematics 
is accompanied by thinking in terms 
of physical pictures. Students are ex- 
pected to use free hand sketches as 
much as possible, not only to portray 
the situation being considered and for 
the careful location of codrdinates, but 
also to show results and for a thorough 
comprehension of the mathematical 
forms involved. For example a curve 
may have its highest point at a place 
where the slope is not zero if the curve 
is discontinuous there, and thus in 
looking for maximum points an im- 
portant value is likely to be overlooked 
if formal procedures are followed with- 
out curve sketching. Pitfalls such as 
this usually are not discussed before 
they occur in assigned work; rather 
the student is put on his own to avoid 
them and they are later discussed in 
class. 

To instill in the students the proper 
respect for accuracy of results and the 
ability to obtain them is an important 


and often a rather difficult goal for the 


teacher. Accuracy is achieved by re- 
lentless checking by all the means the 
problem solver can devise. Dimen- 
sional checks should be used when- 
ever possible, and also checking by 
letting the variables assume significant 
values. The common emphasis on 


teaching the student to calculate by 
the shortest method, desirable as it is, 
may be’ responsible for undesirable 
by-products: an unwillingness to ques- 
tion the validity of methods, a lack of 
enthusiasm for using fundamental 
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principles, and a tendency to consider 
the solution correct without painstak- 
ing checking. These undesirable atti- 
tudes should be corrected by the in- 
structor whenever they are apparent. 
In engineering practice, when the 
graduate does not have an instructor 
to lean on and colleagues all working 
the same problem to check with, he has 
to get an accurate answer. And in 
most cases there will be sufficient time 
for checking, even for working the 
problem by several methods should 
this be possible. Speed should not be 
considered a substitute for accuracy. 
The engineering analysis course may 


fulfill another function in addition to 


developing facility in applying princi- 
ples to the solution of new problems ; 
it gives an opportunity to review the 
principles themselves and to remedy 
deficiencies in each student’s back- 
ground. Planned repetition serves a 
useful end in education and strength- 
ens interrelations between principles. 
In presenting a new subject the in- 
structor can relate it to the material 
that has been previously studied but 
not to the material that is to come. 
The extensive review possible in engi- 
neering analysis permits a two-way 
connection, backward and forward. 
The principles are not really under- 
stood until the student places them 
properly in the structure of knowl- 
edge; until he has classified them as 
generic principles, basic assumptions, 
empiricisms, derived principles, or 
specifications and standards, to use 
the descriptive terms of President 
Rogers.* Many problems _ involve 
laws in each category and it is impor- 


* “Engineering Courses: Their Objectives, 
Organization, and Direction,” by Harry S. 
Rogers. Mechanical Engineering, Vol. 64, 
March 1942, pp. 208-210. 
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tant to know with what type of law 
one is working. A new situation may 
be such that customary assumptions 
are not adequate or perhaps an empiri- 


cism may be of doubtful validity. But 


one may have confidence in the generic 
principles. The cynic’s comment that 
“figures don’t lie but liars can figure” 
has its element of truth in the fact that 
in some cases at least the methods of 
figuring are not properly applicable. 

A common type of error made by 
the graduate with ordinary training is 
the attempted use of a derived princi- 
ple in a situation in which it does not 
hold. As a very elementary example, 
in calculating distance in terms of time 
for an accelerating body he may try 
to use the equation s= 1% at? even 
when the acceleration is not constant. 
An appreciation of the origin of this 
law can minimize the danger of such 
errors. And in addition the student 
should develop the habit always of 
handling new situations by means of 
generic principles. 

The classroom activities are con- 
ducted in a manner to promote the 
maximum of student participation. It 
is desirable to present a methodical 
approach to new problems for the pur- 
pose of helping the students organize 


a 


TEACHING METHODS IN ENGINEERING ANALYSIS 


their thinking processes, to review s¢j- 
entific principles that are being used, 
to work problems as examples, and to 
discuss student solutions. Originality 
should be encouraged, and original so 
lutions by students should be brought 
to the attention of the class. It is im 
portant that the instructor grade and 
return problems promptly. In general 
the use of lectures is to be avoided, 
Blackboard work provides an oppor 
tunity for each student to work indi- 
vidually with some help and_ criticism 
from the instructor. 

* In summary, it may be said that the 
course in engineering analysis is d 
rected toward developing an de 
mentary competence in applying the 
engineering method in new situations, 
It is built around problems which must 
be chosen with due regard for the type 
of thinking required in their solution, 
for the interest they stimulate, for the 
difficulty they present; and they must 
be assigned at the right times. The 
course provides an opportunity for the 
instructor to ascertain and remedy de 
ficiencies in the students’ understant 
ing of the basic science they will emt 
ploy. Classes are conducted and work 
is assigned to require the maximum 
initiative from the student. 
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Teaching Methods in Engineering Applications * 
(Teamwork Among Students) 


By F. T. MAVIS# and F. W. EDWARDS f 
The Pennsylvania State Collegz 


Scope and Objective-——The pattern 
of engineering education was broadly 
defined in 1940 by the S.P.E.E. Com- 
mittee on Aims and Scope of Engi- 
neering Curricula* and has been re- 
afirmed in 1944 by the S.P.E.E. Com- 
mittee on Engineering Education Af- 
ter the War.? Coherent sequences of 
subject matters in both the scientific- 
technological stem and the humanistic- 
social stem are essential, and so too is 
an introduction to the art of engineer- 
ing and the development in the student 
of an elementary competence in the 
engineering method. “Unless instruc- 
tion includes the elements of the arts 
of practice it will be in science rather 
than in engineering.” * 

. The process of learning the subject 
matters of engineering is initially and 
essentially one of science—the acquir- 
ing of “knowledge of facts, laws, and 
proximate causes gained and verified 
by exact observation and correct think- 


*Presented at the 52nd annual meeting, 
SP.E.E. (Instructional Methods), Cincin- 
nati, June 22-25, 1944. 

+ Now at Carnegie Institute of Technology. 

tAfter May 12, 1945, Principal Engineer, 
U. S. Engineer Department, Omaha, Ne- 
braska 


1JouRNAL oF ENGINEERING EDUCATION, 
Vol. 30, pp. 555-566, March 1940. 

2JouRNAL oF ENGINEERING EDUCATION, 
Vol. 34, pp. 589-614, May 1944, 

§Loc. cit., p. 599. 


ing” and the collation of “an exact 
and systematic statement or classifica- 
tion of kiuowledge concerning some 
subject or group of subjects” which 
bear on the life and work of the engi- 
neer. The process of applying’ the 
tools of engineering thought—the laws, 
assumptions, data, and codes so as to 
accomplish a desired result safely and 
economically—is an art. An introduc- 
tion to the art of engineering and the 
development of elementary resource- 
fulness, skill, experience, and judg- 
ment can and should begin in college. 
“Throughout the whole fabric of engi- 
neering education, therefore, there 
must be interwoven with scientific 
principles, the development of rudi- 
mentary skills of execution, under- 
standing of the limitations in the ap- 
plication of principles to practical situ- 
ations, the beginnings of powers of 
decision and of judgment, the encour- 
agement of creative talent, ability to 
deal with the factor of values and 
costs, and the acquirement of that 
appreciative sense which is satisfied 
only by skillful execution or precise 
verbal expression.” ® 

The student in civil engineering has 
a broad field of subject matters in 
which to learn elementary engineering 
applications at the undergraduate level. 
Depending on his major interests— 
and sometimes dictated by available 
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options or project courses—he may 
apply his tools of engineering thought 
to a simplified problem in the field of 
hydraulic, or sanitary, or structural, or 
transportation engineering, or: engi- 
neering construction. Regardless of 
the “specialty” which the student may 
think he is choosing, the instructor in 
engineering applications can lay out 
for him a sound program of training 
which develops concepts, judgment, 
habit, and skills that are equally appli- 
cabie in other subdivisions of civil en- 
gineering. Toward this end there 
must be common objectives of the ap- 
plied courses and we consider them 
to be something as follows: 


1. To stimulate students to observe 
things of significance in full scale 
and in balanced proportions. 

2. To focus rational and funda- 
mentals in many fields on one 
assigned problem. 

3. To introduce students to engi- 
neering teamwork and to assist 
them in planning and carrying 
out an assignment by ‘squads. 

4. To develop judgment and a sense 
of “what’s-worth-doing” by ob- 
servation, analysis, specification, 
expedience, or intuition. 

5. To habituate the completion of a 
job in good engineering form— 
systematically, neatly, consis- 
tently, adequately—and to leave 
a record of it which cannot be 
misunderstood. 


How can these objectives be real- 
ized? The possibilities are number- 
less. Half-day field trips carefully 
planned around a specific assignment 
can do much to stimulate students to 
observe things of significance in full 
scale and in balanced proportions. 
Purposeful reports of those field trips 
help to make the impression lasting. 
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Teamwork in gathering information, 
in summarizing and analyzing datg 
and in reporting is spontaneous ong 
the larger job is planned functionally 
and each unit assignment is accepted 
as a squad responsibility by its leader, 
Spontaneous teamwork can be gener 
ated in the field or in the drafting 
room by subdividing a job into smaller 
different units and scheduling each 
unit to be done by an appropriate 
squad or subsection. The instructor 
has limitless opportunity to heighten 
students’ interests by weaving their 
on-the-spot suggestions into the exec 
tion of a general plan. 

The common _lecture-recitation 
method of instruction may be effective 
in teaching the student the sciences 
which are essential to engineering 
analysis and leading him further and 
further into the interesting branche 
of engineering. While proceeding in 
that direction it may be easier, an 
sometimes necessary, to “keep the class 
together.” We believe that the lecture 
recitation method is not the most & 





fective method, however, of stimulat 
ing each student to learn to fo 
a problem and to observe its elements, 
to be resourceful and original in devis 
ing means to an end, to think straight 
in applying fundamentals to new pro 
lems, to develop his own judgment 
(rather than his memory), and to 
quire a sense of fitness in all he doe 
We believe a better way to devel 
originality and leadership and_ initi 
tive—in short, a better way to stim 
late a student to learn the elements 0 
the art of engineering—is to give hit 
responsibility as a member of a sm 
group in which even the mouse 
gnaw the rope that limits the sq 
action. . 
Teamwork on Field Trips.— 
in the course in structural design ith 
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been our practice to take the class in 
the field to observe and gather infor- 
mation about a plate girder and a short 
truss bridge. Usually one half-day pe- 
riod is devoted to each type of struc- 
ture. The job is planned in advance 
and the class is divided into squads 
of two or three men, each with a defi- 
nite assignment. The assignment 
would be something as follows for the 
plate girder bridge: 

Squad 1. Make a location sketch 
of the structure and ob- 
tain waterway informa- 
tion with the aid of com- 
pass, sketch board, and 
hand level. 

Obtain over-all measure- 
ments of the structure: 
span, width, depth, angle 
of skew, roadway or rail 
grade with respect to 
the structure, and loca- 
tion of intermediate stif- 
feners. 
Sketch and dimension 
piers and abutments. 
Sketch and record de- 
tailed information about 
web, flanges, and_stif- 
feners, and rivets for as- 
signed sections of girder. 
Sketch and dimension 
lateral system and cross- 
frames. 
Squad 7 (dividing time with Squad 
6). Warn against ap- 
proaching trains. 


Squad 2. 


Squad 3. 


Squad 4 
and 5. 


Squad 6. 


Each squad prepares a list of items 


Perhaps it should not be surprising 


il to find the final list is quite different 


from the list first submitted. Such 


# items as transit, level, surveyor’s tape, 


tod, and appurtenances are deleted 
amd such items as compass, Abney, 
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carpenter’s tape, plumb line, chalk, 
folding rule, quadrille-ruled sketch 
pad, and camera are added. At the 
planning stage, “one half-day in the 
field” and “six men per car” are more 
convincing as arguments for going 
light than are arguments in favor of 
using a rule and plumb bob rather than 
a transit and tape. The student, how- 
ever, has an opportunity to learn from 
his experience. 

At the site the assignments and 
plans of each squad are checked briefly 
and the instructor makes last-minute 
suggestions to expedite the work. 
Then, as the work progresses, the in- 
structor makes the rounds and directs 
attention of the men to matters of 
function, detail, and scale—in short, as 
they measure and record details about 
the structure, he helps them “get a 
foot in their eye.” 

After about two hours’ work the 
class assembles for very brief reports 
by each squad leader covering infor- 
mation gathered and items of particu- 
lar interest. Members of other squads 
and the instructor point out omission 
of essential data and offer other help- 
ful criticisms. After each squad leader 
has reported, the squads complete and 
check their respective assignments. 

Observations of the behavior of a 
plate girder bridge as locomotive and 
cars pass over it also involve team- 
work. Some students measure deflec- 
tions while others record data about 
the locomotive and car loadings. 
Later these observations provide a 
basis for estimating the live load and 
impact stress in the girder by simple 
application of the geometry of flexure 
to a girder whose section varies to 
maintain substantially the same limit- 
ing fiber stress at full load. Here the 
student can recognize that “f/Ed is 
propottional to M/EI” and that the 
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former quotient is far more compre- 

hensible than the latter in this case. 
The report of the field trip com- 

prises the layout to an assigned scale 


of plan, elevation, and section of the 


portions of the structure covered by 
each squad. Adequate dimensions, 
notes, and title information are essen- 
tial elements of each squad’s report. 
An assistant (and sometimes the stu- 
dents themselves according to plan) 
makes a composite tracing in pencil 
of the entire structure and each student 
is furnished with a print. This indeed 
is the student’s bridge—and the class 
is eager to complete a similar assign- 
ment for a through truss bridge with 
less intimate direction from the in- 
structor. 

Unfortunately field trips ceased with 
dwindling classes and restrictions on 
automobile travel. Photographs can 
be helpful substitutes provided they 
are used as more than pictures. Daily 
newspapers and popular magazines 
(not to mention the obvious engineer- 
ing and construction journals) publish 
photographs which are timely and 
which can stimulate the student’s ap- 
preciation of size, proportion, form, 
and function. Analysis, rather than 
synthesis, of perspective in a photo- 
. graph showing people or things whose 
sizes are known approximately, offers 
much which can be stimulating to the 
student—and to his engineering 
teacher. Photographs and other visual 
aids are not being used in engineering 
instruction beyond an_ insignificant 
fraction of their potential usefulness. 
Photographs of local work are helpful 
in providing the student with a scale 
and a basis of evaluating the usefulness 
of photographs to him. What instruc- 
tional material is everywhere around 
us if we could only recognize it! What 
effective use could be made of film 
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strips to make dusty plan files live by 
bringing plan and photograph of the 
actual work . together on adjacent 
frames for projection by the students 
in a film library! Could not a series 
of dated construction photographs help 
to give the student a basis for visualiz- 
ing—and perhaps even _ estimating 
roughly—materials, plant, men, and 
progress which affect the cost of that 
particular construction work? 

Teamwork in the Drafting Room— 
Teamwork among students is as im- 
portant in drafting, analysis, and de 
sign courses as it is in the field im 
spections which we have discussed. 
Too often the teacher in engineering 
applications puts the entire class 
through the same problem in all its 
details—and sometimes repeats that 
problem year after year. In course 
of the supervised-work type where the 
instructor has two or three consect 
tive hours’ contact’ with his students, 
we feel there are many advantages i 
organizing the class much as om 
would organize a small engineering 
staff. Let us consider further some 
possibilities of teamwork in analysis 
and design and. use another structural 
engineering example: 

Once the fundamentals of analyzing 
a statically indeterminate truss 
been established, the students are eagi 
to try their hands at applying the 
Textbook examples are often cut 
the proportions that one student ¢ 
complete a problem in a reasonable 
time—and the problem is often qui 
academic. With a class of half-doze 
or more students, why should each ont 
do the same work on an academ 
problem when, by careful planning ail 
assigning of jobs, they can work asi 
tedm in analyzing some structtii 
which has been designed, built, 
reported in the engineering litera 
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With teamwork, even a small class can 
pool its efforts on a problem such as 


ive by 
of the 





|jacent § the analysis of live load stresses in the 
udents § Sciotoville bridge to the end of deter- 
seri¢s § mining— 
s help 1. Live load stresses in members of 
ualiz- : 
“= a parallel-chord panel. 
nating} 2 Live load stresses in members of 
be a non-parallel chord panel. 
' 3. Angle changes along the load line 
om at two or three panel points cor- 
a a responding to an assigned center 
dae pier reaction. 
1d j 4. The influence line for center pier 
Id in- : : 
a reaction, drawn out of the infor- 
; mation assembled in (3). 

eering 

class§ The atmosphere of the practical and 
all its the rivalry of several squads to com- 
s that§ plete their assignments on schedule 


ourses 
re the 
nsect- 
1dents, 
ges in 


and in good form instills a_ spirit 
among the students which makes the 
teaching of engineering applications a 
pleasant assignment indeed. 

This teamwork among squads places 
apremium on systematic, orderly work 
which can be checked quickly by any 
other member of the class. Here our 
specifications are uncompromising. A 
student must show on each sheet of 
computations, the subject, his name, 
and the date. Students are required 
to work directly on quadrille-ruled pa- 
per and copying from scratch-paper is 
diectively stopped. A statement of 
the problem, workman-like sketches 
complete in all essentials, and sys- 
mee tematic arrangement of numerical 
mies computations is established by ex- 
if ample, by suggestion, and by direction 
ch om a needed. With the view to keeping 
adem the student’s mind on the physical 
ng ail problems, arithmetic and geometry are 
k as@§ wed as tools of computation, although 

iu algebra, trigonometry, or higher mathe- 
t, am Matics may be used as tools of analysis 
atuteg M setting up the problem. 
At the outset, many students (and 
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some teachers) feel that time can be 
saved by taking short-cuts which may 
combine into a single operation several 
intermediate steps. When the student 
(or the instructor) has the responsi- 
bility of checking another’s computa- 
tions he is more likely to acknowledge 
the merit of straight-forward sys- 
tematic work which keeps the physical 
problem constantly in mind over the 
work of the unsystematic genius who 
may’ preface his conclusion with the 
academic “it is obvious that... .” 

Conclusion—These examples in the 
field of structural engineering, have 
their obvious . parallels in other 
branches of civil engineering, in hy- 
draulic engineering, in sanitary engi- 
neering, in transportation engineering, 
and in the plant and operational phases 
of engineering construction. Like- 
wise, they have their parallels in other 
major divisions of engineering at the 
college level. 

Thus, in teaching courses in engi- 


neering applications, we would empha- 


size the importance of teamwork 
among squads of students and of pur- 
posefully planned work as a team ac- 
tivity between instructor and student. 
Probably nothing is more difficult to 
learn or to teach than the power to 
observe things of significance in full 
scale and in balanced proportions. We 
feel that carefully organized field trips 
under alert supervision will do much 
to accomplish that end. Photographs 
and visual aids offer possibilities for 
further exploration and effective use. 
Teamwork in analysis and design in- 
volves adherence to standards of per- 
formance which should be practical, 
reasonable, and rigidly enforced. 
Given the broader assignment, it has 
been our experience that students will 
accept the responsibility for carrying 
out the details—and they will perform 
without minute supervision. 





610 





I am not sure whether my remarks 
are a discussion of teaching methods 
in engineering analysis or in engineer- 
ing applications. They will naturally 
bear on my own experience which is 
rather heavily weighted toward the de- 
sign of various kinds of structures. 
But since every design course turns 
out to be about fifty per cent analysis, 
that is, if it is a really good course in 
design, I am not sure whether my 
thoughts are entirely related to the 
subject matter of the paper by Profes- 
sors Mavis and Edwards or whether 
they apply to the paper of Professor 
Teare. 

It has always been difficult for me 
to separate the subjects of analysis and 
design and, in fact, I think they are 
well taught together. Too frequently, 
their separation leads to an artificial 
point of view. Actually, we are inter- 
ested only in design, analysis being a 
necessary evil to be shortened, or 
eliminated if possible, but which actu- 
ally consumes about one-half of our 
time. Analysis can be taught entirely 
by lecture and recitation, I suppose, 
but to me it has always been signifi- 
cant that students who have found 
analysis and basic theory uninviting in 
the classroom quickly change their 
minds when confronted by a practical 
design problem of their own choosing 
which requires such knowledge for its 
solution. The design room is a great 
place for teaching theory under favor- 
able relationships between student and 
teacher. 

I have never tried the group plan of 
working out design problems. No 
doubt it stimulates a codperative frame 
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By L. E. GRINTER 
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of mind which has its counterpart if 
the subdivision of work in a practig 
engineering office. Perhaps that j 
why I have approached the teaching 
of design from another direction. a 
thought has been that the influ 
















of the world are all at work remaking = 
people to “fit in” with things as they - 







are. Every time anyone has a new ihe ¢ 
idea or a desire to try his wings, he eo 
has to combat the frame of mind de ald 1 
veloped by codperatively fitting in with thle jc 
group action. Perhaps, then, it is not reve 
our job to emphasize the usefulnes§ 
of group action as much as the impor ae i. 
tance of individuality since our ste dandar 
dents will only retain a small residit§ o, je 
of individuality after a few years afhB in, w 
way. Let us not fail to stimulatetgy, ,, 
in the first place, else it may nevV§y iwi, 
develop. . 

My feeling is that design course 
should meet two requirements in add- 
tion to those that are never questioned. 
These are first to teach “design for§ A; p 
function” and second to emphasize the method 
“individuality of design.” Design {0 gurse. 
function starts back with the original iided | 














desire for the structure, plant, or mé in engi 
chine, and takes into account physical the var 
social, psychological, economic, artist Which s 
scientific, and practical influences. 0g mgated. 


doubt the teacher will do this job badij§j gnthes: 
at first and may never excel at it ff ito on 
it is a broad assignment, but the stig om the 
dent needs early and repeated expogand a { 
sure to the study of function if he m§ stved 
to become a real engineering designe af these 
The individuality of design may 
taught both directly and  indirectipy tifferen 
Many machines will serve a given purg “gine! 
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pose, perhaps not equally well, but 
ompetitively as may be seen in any 
fee market. Hence, there is always 
dance for improvement if the designer 
is sufficiently informed and clever. 
part ‘This can be taught by having each 
ractisi| Mudent work out a design of his own 
that § pice and by encouraging him to 
eaching ch for improvement over the text- 
ac examples. There is remarkable 
qu a ulation to the student in choosing 
a own major design problem (under 
a gidance of course) and in carrying 
aa trough its functional design as well 
none asthe detailed: design. 

BS; It may seem that this procedure 
ine & would load the teacher with an impos- 
in ible job of correction and grading. 
a not However, by insisting upon systemati- 
pg ation, the design notes and drawings 
me an be graded as quickly as a single 
it Standardized problem since the teacher 
reside on learns to judge correct propor- 
‘S all Btions which are turned into unreason- 
late it 

never 

























ile relationships by most errors. 
Knowing that his design is unique, the 


-ourses 
1 addi- 


As Dr. Teare says, the engineering 
method can be used in any given 
n WE curse. He is right that there is an 
pilaf iided benefit from a general course 
i#§ in engineering analysis which bridges 

the various vertical compartments in 
Which scientific studies have been seg- 
NOE mgated.. It gives an opportunity to 
iy smthesize all the engineering courses 
fof itto one fundamental science, based 
stitg§ on the law of conservation of energy 
peg amd a few special definitions and ob- 
®etved laws for each branch. Many 
wm dthese definitions and observed laws, 
Ma Which at first glance appear totally 


rectly different in the various branches of 


fa Mgineering, are better understood 
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student does not waste his time copy- 
ing or getting excessive help or trying 
to make answers check with probable 
results. He too learns to check his 
design results by common sense and 
by thinking as the authors rightly em- 
phasize in “full-scale and in balanced 
proportions.” 

A rounded engineering education in- 
cludes the development of individual- 
ity, of ability to codperate, of intensive 
specialization, and of a broad under- 
standing of engineering problems. 
One teacher will emphasize one char- 
acteristic while another chooses a dif- 
ferent direction of emphasis. One stu- 
dent reacts to one teacher’s- methods, 
another student develops in some other 
class. Studying some fifty courses, 
the student fortunately experiences 
many methods of teaching. Our real 
problem is to get the best possible 
teachers and the best possible students 
together. The system of instruction 
may be left to the judgment of teach- 
ers and of departments. 


By A. R. STEVENSON, JR. 


when the analogies between different 
branches of engineering are pointed 
out. 

In engineering we very seldom have 
a problem which can be segregated 
into one narrow compartment of sci- 
ence. Many problems which at first 
sight look like electrical problems, 
cannot be settled finally until other 
things like heat transfer have been 
investigated. 

Just for the fun of taking exception 
to at least one thing which Dr. Teare 
said, I might quote one of his sen-° 
tences: “The procedure of solving 
problems may in many cases: be sum- 
marized as first, the expression of a 
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given situation in terms of a mathe- 
matical equation. . . .” 

Since Dr. Teare and I have both 
been associated with President Do- 
herty, I am sure Dr. Teare will agree 
with me when I say that he has not 
started at the very beginning in this 
summary. 

When we first started the General 
Electric Advanced Course in Engi- 
neering on September 6, 1923, Dr. Do- 
herty gave the first lecture. I have a 
copy of that lecture and I would like 
to quote from it. 


The first step in the proper attack of a 
problem is to picture in your mind the 
physical set-up of the problem. Get a 
physical conception of the problem; and 
then, try to set down as accurately as 
possible what the conditions are which 
must be satisfied. If you don’t you will 
be hopeless. You might as well stop 
working on them, because you'll never 
get to the end. There’s only one way I 
know of in which such conditions can 
be set down, and that is to decide what 
physical laws control the situation. If 
you know that, it is certainly easy to set 
down the conditions that have to be satis- 
fied. You can set them down in Eng- 
lish. You have a given problem and 
we'll say that Newton’s third law of mo- 
tion is the determining factor. You can 
say, in English, that the sum of all the 
forces acting on a body must be zero. 
Suppose the problem involves some such 
set-up. The next step is to set that con- 
dition down mathematically. Usually 
this involves differential. equations. A 
differential equation is simply a system 
of shorthand for making the same state- 
ment mathematically as we have made 
in English. All forces acting on the 
body are equal to zero. It is possible to 
write a differential equation which says 
the same thing. From then on until you 
get the solution, your process is purely 
mechanical. Anybody can do that. The 
difficult thing to do is first to set down 
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in the equation the condition which mug 








































be satisfied. Thus, state the problem,§ creat 
and the second thing is to tell whether class 
the answer is right when you get i W 
That’s often more difficult than the first, f 
That, in general, is the point -of view ot 
that you have to get in mind before you of th 
can successfully go at these things, _ is to 
does 
You’ will note that Dr. Doherty, 2j§ spon 
years ago, listed several things which§ out 1 
must be done before the expression § sor 
should be written in terms of mathe § this t 
matical equation. years 
I am glad that Dr. Teare has em§ the i 
phasized the choice of problem. [tg the s 
would be a fine thing if many of the§ thusi 
problems could be ones which the pro li 
fessor is currently solving in conneg-§ tione 
tion with consulting work. On the§ that 
other hand, they must not be so dif§ youn; 
ficult that the professor is forced to§ ! alsc 
show the students every step. with 
Dr. Teare mentions the high levd§ geom 
of interest shown by the students in persp 
the General Electric Advanced Course under 
and suggests some reasons for this § prove 
Perhaps there is another one. We use§ this s 
student supervisors who have taken§ ing m 
the class the year before. To them De: 
the subject is still new, and they alf enoug 
testify that they learn twice as much them 
the second year supervising the clas witho 
as they did the first year while taking§ forma 
it. The result is that they have um§ compl 
bounded enthusiasm. They are high all its 
grade men picked for their leadership sor’s | 
ability and their enthusiasm is conte Teluct 
giously imparted to the class. Theyg ¢tc., 1 


would not have this enthusiasm um™ im des 






sless we gave them freedom ani™ ing m 
responsibility. details 
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too meticulous detail with the result Carry | 
that the instructors do not have subg The 
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ficient freedom to show their own 
creative ability in handling their 
classes. 


We feel that genuine enthusiasm is 


of great importance. We feel that one 
of the best ways of creating enthusiasm 
is to make a man responsible. A man 
does not have the right kind of re- 
sponsibility when he simply carries 
out meticulous orders. If the profes- 
sor tells the instructor, “You teach 
this text book just as I wrote it twenty 
years ago, exactly as I taught it!!!,” 
the instructor’s enthusiasm is killed at 
the start and he cannot impart any en- 
thusiasm to his class. 

I am glad that Dr. Teare has men- 
tioned free hand sketching. I believe 
that this is something which every 
young engineer should be able to do. 
I also believe that. it should be coupled 
with a thorough course in descriptive 
geometry which includes shadows and 
perspective. These things, thoroughly 
understood and practiced, should im- 
prove a man’s ability to visualize and 
this should be of assistance in develop- 
ing mechanical ingenuity. 

Design problems should be simple 
enough so that the student can’ solve 
them completely from fundamentals 
without using empirical handbook in- 
formation. Rather than to design a 
complete direct current generator in 
all its details simply using the profes- 
sor’s knowledge with regard to air gap 
teluctance, heat transfer from coils, 
etc, there would be more education 
in designing the simplest type of lift- 
ing magnet, completely working out all 
details, such as air gap reluctance ob- 
tained from free hand flux plots, and 
heat transfer coefficients derived from 
experiments which the student should 
carry out himself in the laboratory. 

There is one other piece of advice 
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I would like to give with regard to 
solving problems. I believe that one 
should attempt to guess the answer 
before starting a long mathematical 
calculation. W. L. R. Emmet used to 
call this “proportionate thinking.” In 
guessing answers one is not likely to 
be more than 100 per cent wrong. 
Whereas, in a long mathematical cal- 
culation one may lose two or three 
decimal points and be 1,000 per cent 
wrong. If the results of the mathe- 
matical calculation do not give an an- 
swer of the same order of magnitude 
as the original guess, the comparison 
raises a “red flag” which causes one 
to look for errors. Every answer 
should be checked: by common sense. 

I remember the first year that I was 
teaching the Advanced Course. While 
we were leading up to the theory of 
electrical fields, we did some problems 
in gravitational fields. We gave the 
class the weight of the moon and the 
weight of the earth and the distance 
between. We asked them to calculate 
how fast the moon must travel in its 
orbit to prevent it from falling toward 
the earth. One of the best students in 
the class turned in the solution with 
the answer in miles per hour. We 
criticized him because he had not ex- 
pressed it in days per complete revo- 
lution which could have been checked 
by common sense. Expressed in these 
terms, he had the moon going around 
the earth eight times a day, which was 
quite obviously wrong. 

There has been a great deal said 
recently about intuition. I believe that 
guessing the answer first helps to de- 
velop the intuition. A friend of mine 
who used to sell cattle said he always 
made a point of guessing the weight 
of a steer before driving it on the 
scales. After doing this for sometime, 
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it was quite surprising how accurately 
he could guess the weight after a single 
intuitional glance at an animal. 

Some of the best engineering mathe- 
maticians whom I have known, like 
C. A. Nickle and E. G. Keller, have 
been able in many cases to guess the 
solutions to complicated mathematical 
problems which would later take weeks 
or months to work out and prove in 
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detail. Therefore, I believe that guess. 
ing the answer and checking these 
guesses will benefit the student in de 
veloping both common sense and intui- 
tion. I like Mr. Emmet’s phrase, 
“proportionate thinking.” 

The few foregoing remarks are my 
only comments on Dr. Teare’s paper, 
which I believe covers an important 
subject very well. 
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Foreword 


In the summer of 1942, the Commit- 
teeon Graduate Study was formed and 
asked to study the trends in graduate 
education in engineering and to report 
its findings to the Society. After three 
years of continuous study, the Commit- 
tee herewith presents its report in the 
form of a manual which analyzes ob- 
jectives and procedures in engineering 
graduate study and makes recommen- 
dations concerning good practices and 
suggestions for improvements. For the 
reader’s convenience, the subjects dis- 


- cussed are summarized first, but a care- 


ful reading of the entire manual is 
necessary to understand the sugges- 
tions and recommendations because 
many of the subjects discussed are 
rather philosophical in their nature. 
The Committee has leaned heavily 
upon the 1935 -survey of Graduate 
Work in Engineering, made by the 
United States Office of Education * 


*W.C. John and H. P. Hammond, “Grad- 
uate Work in Engineering in Universities 
and Colleges in the United States.” Bulletin 
1936, No. 8. U. S. Department of the In- 
terior, Office of Education. 


and analyzed with the assistance of the 
S.P.E.E., but there has been no at- 
tempt to extend that survey or to re- 
produce it here. The 1935 survey con- 
tains supplementary information of 
great value since the disturbance of 
graduate education brought about by 
the war leaves it still the most authen- 
tic picture of normal or pre-war prac- 
tices in engineering graduate study. 

The Manual is no rigid set of specifi- 
cations that are expected to determine 
inflexibly the course of graduate educa- 
tion in engineering. The Committee 
recognizes fully that great graduate 
teachers and the best graduate stu- 
dents will grow most effectively under 
a lack of petty restrictions and that 
graduate work is adult education pri- 
marily for superior minds. However, 
all graduate students are not superior 
and great graduate teachers must go 
through the period of their own de- 
velopment. It was thought, therefore, 
that the manual should be as specific 
regarding good practices and sugges- 
tions for improvement of graduate edu- 
cation in engineering as the wide varia- 
tions to be expected in this field would 
permit. 
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Summary of Conclusions and 
Recommendations Regarding 
Graduate Study in Engineering 


1. Objectives 
If oversimplification is permitted, the 
objectives of graduate study can be 
' stated as the development of men able 
to experiment or otherwise to collect, 
appraise, digest and analyze evidence, 
and trained to prepare a clear state- 
ment of the findings. Such studies 
should advance intellectual honesty, 
imagination and courage. 


2. Organization 


Graduate and undergraduate instruc- 
tion benefit by close contact for they 
are complementary functions that may 
be performed effectively by the same 
teacher, but they are sufficiently dis- 
tinct in their objectives to be differ- 
entiated through certain phases of 
administration such as faculty desig- 
nation, and budgetary control. 


3. Transitional Studies 


Experimentation with research and 
development options for exceptional un- 
dergraduates, omitting certain courses 
from the junior and senior years to 
make room for advanced study in 
mathematics, science, and engineering 
analysis, and for an introduction to the 
methods of research, seems in order as 
an integration of undergraduate and 
graduate education. 


4. Graduate Faculty 


The development of a graduate fac- 
ulty requires administrative encourage- 
ment of professional objectives, of re- 
search and scholarship as evidenced by 
a sympathetic understanding of the 
scholar’s problems, appreciation of his 
accomplishments, financial support for 
his work and an adequate personal re- 
ward. 
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5. Admission Requirements 


Fuller realization is needed that only 
students who rank in the upper quarter 
of the graduating class are likely to be 
come strong candidates for an ad 
vanced degree. Devices such as trial 
registration, entrance examinations, 
preliminary examinations for the doe 
torate and others may be used to up 
hold the proper standards of the gradu 
ate school. 


6. Degree Requirements 


Formal requirements for advanced 
degrees in engineering are properly set 
by each institution although there is 
general agreement upon one academic 
year of residence study for the master’s 
degree and three years for the doctor- 
ate. More detailed formal require 
ments will be needed to guide the ay 
erage student, but it should not be 
forgotten that the graduate school re 
mains the province of the superior 
mind. “ 


7. Major, Minor and Research 


The “major” should be devoted to 
one field of study and should include 
the thesis research, but departmental 
lines should not be restrictive in the 
selection of courses or teachers. One 
“minor” (for the doctorate) is recomr 
mended in a field of science or engi 
neering clearly separated but contribut 
ing to the strerigth of the major study, 
The length of the doctorate residence 
makes two minors permissible. 


8. The Thesis 


A thesis is recommended for all ad- 
vanced degrees in engineering. Fot 
the master’s degree, it is considered to 
represent training in research or in the 
more scientific phases of design or de 
velopment. For the doctorate, the 
thesis is considered as evidence that 4 
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candidate has made a contribution to 
science or to engineering knowledge. 


9. Language Requirements 


As an alternative to the usual re- 
quired “reading knowledge of French 
and German” for the doctorate, it is 
recommended that evidence be accepted 
that the student has command of one 
foreign language which he has used 
effectively and extensively in relation 
to his thesis. 


10. Mathematics 

Graduate study in engineering em- 
phasizes the mathematical or scientific 
approach to the solution of technical 
problems. It is accordingly recom- 
mended that the master’s program 
should be strengthened by requiring 
one or more courses in mathematics 
beyond a first course in the integral 
calculus and that the doctorate should 
commonly include a minor study in 
advanced mathematics. 


11. Examinations 

Greater emphasis should be placed 
upon comprehensive examinations of 
the combined written and oral type for 
both master’s and doctor’s degrees. 
These serve not only as a yardstick to 
measure the attainment of the student, 
but also as a rather tangible expression 
of the objectives of graduate study and 
as a means of bringing them to the at- 
tention of students and faculty. 


12. Undergraduate Courses 


Undergraduate course work should 
be accepted for graduate credit only 
when taken in fields for which the stu- 
dent is not expected to have the pre- 
requisites for full graduate study and 
then only when taken as an approved 
part of a graduate study program. 
Also, it is recommended that no more 
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than twenty-five per cent of the pro- 
gram be permitted in undergraduate 
courses. 


13. Non-technical Studies 

The recommendations in 12 above 
are also to be applied to graduate stud- 
ies in economics, political science and 
administration which may be proper 
optional studies for certain fields of en- 
gineering. 


14. Evening Classes 

Evening graduate study is accepted 
to be of the same significance as gradu- 
ate study in the day. Its codperative 
features for maintaining close associa- 
tion with industry are recognized to be 
of importance. 


15. Coéperative Programs 

Codperative graduate study has the 
same advantages and disadvantages as 
coéperative undergraduate study. It 
is an important alternative to regular 
full-time graduate work. Careful in- 
tegration of classroom study with work 
in the design office or laboratory is an 
opportunity to improve the standards 
of codperative education in the gradu- 
ate field. 


16. Sponsored Research 
Sponsored research of a clearly 
fundamental nature in residence has 
the same educational value as institu- 
tionally sponsored research and is the 
only kind of sponsored research ac- 
ceptable for the doctorate thesis. Even 
then, it is recommended that the time- 
spent on organized project research be 
reduced one-half in determining resi- 
dence value. For the master’s degree 
greater freedom is suggested and some 
graduate credit is acceptable for indus- 
trially sponsored development work 
when placed under qualified educa- 

tional supervision. 
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17. Industry Institutes 


Graduate institutes serving a single 
industry face the problem of domina- 
tion by that industry which may result 
in the use of vocational standards for 
measuring graduate-study objectives. 
This will be combatted most effectively 
when such institutes are closely asso- 
ciated with colleges or universities 
which foster other graduate study’ in 
science and engineering. 


18. Foreign Students 


A semester of orientation into 
American graduate study is recom- 
mended for the foreign student who 
needs supporting work in English, in 
laboratory science, or in practical en- 
gineering courses. These are common 
deficiencies. 


19. Student Guidance 


The most practical advice to bril- 
liant undergraduates is to enter the 
graduate school immediately after 
graduation before there is a loss of 
facility in the use of mathematics, 
physics, and the theoretical tools of 
engineering. Graduate students should 
be treated as adults, but they still need 
guidance in the importance of using 
the library and of setting up, stating, 
‘ and solving problems. 


20. Teaching Loads 


It is recommended that teaching 
loads be based upon an analysis of to- 
tal instructional hours including class 
hours, preparation, grading, and coun- 
seling for both graduate and under- 
graduate courses. Until better infor- 
mation is available, it is recommended 
that graduate and undergraduate 
courses be given equal teaching value 
based upon class hours. Some evalu- 
ation of the equivalent teaching load 
involved:in direction of thesis research 
should be made. 
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Graduate Study in Engineering 
(1) PHiLtosopHy AND OBJECTIVES 


The Purpose, to Search out, Guide and 
Form 


a mind nimble and versatile enough te 
catch the resemblance of things and at the 
same time steady enough to fix and dis. 
tinguish their subtler differences; gs 
being gifted by nature with desire t 
seek, patience to doubt, fondness to 
meditate, slowness to assert, readiness to 
consider, carefulness to dispose and set tn 
order ... that neither affects what i 
new nor admits what is old, and hates 
every kind of imposture ...a kind of 
familiarity and relation with Truth. . ., 


The Acknowledged Instrument Being 
Study 


Studies serve for delight, for ornament, 
and for ability. Their chief use for de 
light, is in privateness and retiring; for 


ornament, is in discourse; and for ability, 


is in the judgment and disposition of 
business. For, expert men can execute, 
and perhaps judge of particulars, one by 
one; but the general counsels, and the 
plots and marshalling of affairs, come 
best from those that are learned—for 
natural abilities are like natural plants, 
that need pruning by study; and studies 
themselves do give forth directions too 
much at large, except they be bounded in 
by experience. 

Read not to contradict and confute, nor to 
believe and take for granted, nor to talk 
and discourse, but to weigh and consider, 
Some books are to be tasted, others to be 


swallowed, and some few to be chewed 


and digested. Reading maketh a full 
man, conference a ready man, and writ- 
ing an exact man... . 

Histories make men wise; poets witty; the 
mathematics subtle; natural philosophy 


deep; moral, grave; logic and rhetoric, 
“Moral habitse are in 


able to contend: 
fluenced by studies” —nay, there is no 
stond or impediment in the wit, but may 
be wrought out by fit studies. . 
Francis Bacon 
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Graduate study in engineering is a 
part of the general process of educa- 
ton. We are trying to prepare a 
whole man to live a full life in a whole 
world. This statement is too general 
to be very useful in formulating cur- 
ricula or setting standards for degrees, 
but it is important not to forget such 
ideals. There are important differ- 
ences between undergraduate and grad- 
wate students, but the difference is 
more one of developing personal re- 
sponsibility and the implied need for 
scrutinizing evidence than one of over- 
all objectives. At times study of a 
subject on the graduate level should 
proceed much less rapidly than on the 
undergraduate level because we must 
take time to examine assumptions cri- 
tically; at other times it should pro- 
ceed much more rapidly because the 
undergraduate studies have removed 
some of the obstacles to education. 


The Devices of Graduate Study. 


In undergraduate work we have 
time to give individualized training 
only to a limited degree ; graduate work 
should be highly individualized and 
the student should be put more and 
more on his own responsibility until 
finally he has a more profound idea of 
what is meant by accuracy of state- 
ment and learns to judge with hu- 
mility. Too much emphasis on dis- 
cussion instead of analysis produces a 
man who can argue all sides of ques- 
tions but is’so trained that he cannot 
settle anything ; and yet too great elab- 
oration upon the analytical method 
may produce a dangerously erudite and 
clumsy pedant. We must and can 
reconcile these extremes but there is, 
in this regard, much room for im- 
provement in our graduate teaching. 

It has recently been said, “In re- 
search, there are no standards.” This 
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comes near the truth in graduate study ; 
but here again “all generalizations are 
false, including this generalization.” 
The general objectives are to indicate 
the broad scope and intimate interrela- 
tionships of fundamental and practical 
knowledge ; to teach the importance of 
accuracy and precision in securing evi- 
dence; to give practice in analyzing 
evidence, drawing conclusions, and 
presenting these results concisely and 
clearly ; to develop intellectual honesty, 
imagination, and courage. To do this 
requires a well balanced individualized 
curriculum and a faculty presenting a 
diversity of personality, experience, and - 
outlook. In graduate education, as in 
a well chosen library, “much should be 
tasted, a part may be swallowed, some 
must be thoroughly chewed and. di- 
gested.” 


The Student, the Institution, and the 
Public 


Graduate study in engineering may 
be considered from the points of view 
of the public, of the institution con- 
cerned and its faculty, and of the in- 
dividual student. These are intimately 
related and probably no one of them 
is considered exclusively by any Ameri- 
can faculty; from any of these points 
of view it is in the end the trained 
student that is valuable to the world. 

Certainly graduate study in all fields 
should be sanely directed toward the 
interests of the community ; how large 
this community should be considered to 
be—state, nation, international—de- 
pends upon the institution and the na- 
ture of the study. 

For the institution, graduate work 
performs several related functions. It 
forces the faculty to reéxamine cri- 
tically the fundamentals of knowledge, 
because no honest graduate teacher can 
rest long ; it furnishes a relatively unin- 
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hibited field of experimentation where 
methods of thought and instruction 
.may be worked out for use in under- 
graduate courses; it raises the general 
level of intellectual thought in the 
academic life of the university. The 
investigations may and sometimes do 
enhance the reputation of the institu- 
tion in the scholarly and professional 
world, though this incident of grad- 
uate study is often overstressed; it is 
generally the by-products of faculty 
growth and improvement of teaching 
techniques that are valuable. 

Idealists may argue that we should 
consider the student alone. But if 
funds are not available for equipment 
and faculty, good graduate work may 
be badly hampered and subsidy from 
industry may be necessary. Although 
this statement implies no approval of 
the use of subsidized graduate students 
as a cheap labor supply to do petty 
research chores for industry, it is rea- 
sonable to expect a student to conform 
under faculty direction to the needs 
of the industry that is subsidizing his 
study and also to give all that he can, 
intellectually and personally, to the 
academic world of which he is a part. 


The Analytical Method 


Evidence must be secured by ex- 
periment, or otherwise collected, in- 
telligently appraised, arranged and di- 
gested, interpreted, and then presented 
with clearly stated conclusions. Tocol- 
lect the evidence involves knowledge of 
the literature of the field and of meth- 
ods that might furnish useful data 
whether original or from records. Im- 
portant tools are analysis and syn- 
thesis, mathematics, experiment, ob- 
servation, sampling, and common sense. 
To appraise the evidence intelligently 
involves knowledge of the dependability 
of the sources and requires independ- 
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ence and courage in forming j 
ments; it requires the scholarly 
curacy that comes only from arduogs 
training. To arrange and digest ey 
dence demands practice, assisted yf Cl 
study of good reports as models. 
interpret involves imagination com 
trolled by logic and analysis, a wel 
developed sense of proportion as tp 
the relative importance of the sourogs, 
broad knowledge of the field of study 
and of the general fields of science pure 
and applied; some say that it also m 
quires fast and prayer. 









Reporting Findings 


Students of engineering developi 
they learn to compose and present te 
ports or prepare and explain designs 
This statement may be accepted with 
out any commitments as to the nature 
of the thesis or even whether a formal 
thesis is required at all; commonly t 
ports, investigations, and designs @ 
several types are needed. To prepat 
these the student must be able to state 
the problem that he proposes to study, 
to assemble pertinent evidence, and to 
present and sum up this evidence. 

Presentation of the evidence requ 
a mastery of technique along with good 
manners and good taste. The enginett 
uses four methods to present 
dence: graphical — drawings, pictu 
sketches; statistical —charts, tables 
pictorial charts; symbolic — 
matics in the broader sense of the term 
verbal —the written or ‘oral repoft 
Drawings or charts that are not rea di 
comprehended cannot be excused; ba 
spelling or diction or punctuati 
labored style, lack of unity or cohere 
or emphasis are serious defects ; doct 
mentation and general editing shot 
be uniform and should adhere to s¢ 
reasonable standard ; brevity is alv 
desirable. Most students think & 









can pr 





E judg. 
arly ap 
arduous 








the difficulty is to secure the evidence; 
interpretation and presentation too 
often receive the barest minimum of 
attention. 

Clearly the summing up is impor- 
tant; the student will learn more and 
more during the next forty years how 
dificult it is. A brief and clear sum- 
mary may be the crowning glory of a 
good engineering report, but a good 
summary is very hard to write. 


Asking Questions 

It seems so simple and is really so 
dificult to state a question in engi- 
neering in a form amenable to investi- 
gation. One of the most important 
things for graduate students to learn is 
the great value of men who ask sig- 
nificant questions leading to problems 
that can be investigated by available 
techniques. The list of titles of grad- 
uate theses is pretty drab to an experi- 
enced man; this is probably unavoid- 
able, for we must learn to creep before 
we stride. Nevertheless, graduate stu- 
dents should learn that the conven- 
tional question is often not the im- 
portant question at all. 

The discussion above is immediately 
applicable to reports and research in- 
vestigations, but with obvious changes 
it applies to designs, which involve a 
synthesis of such reports—to make a 
design we must finally make decisions 
correlated to the evidence. It is well 
then for graduate work to end with the 
study of design, for engineering re- 
search, whether fundamental or ex- 
tremely practical, is but a step along 
the final road to the engineering office 
where that process of synthesis called 


design takes place. 


(2) OkGANIZATION AND ADMINISTRA- 
TION OF GRADUATE STUDY 

The organization of graduate study 

can proceed along either of two op- 
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posite courses—the establishment of a 
separate institute of graduate study, 
or the integration of the undergraduate 
and graduate faculties. 


The Separate Institute of Graduate 
Study 


A few graduate institutes will no 
doubt develop with the primary objec- 
tive of fundamental research in science 
and engineering along with graduate 
instruction. The realistic difficulties 
of obtaining adequate financial support 
without appreciable tuition income will 
probably limit to a small number the 
institutions of this nature. Neverthe- 
less, a few well endowed or publicly 
supported graduate institutes would 
set high standards to be emulated in 
the graduate programs of our engi- 
neering colleges. If such institutes 
could develop consulting or research 
services to industry without compro- 
mising their basic objectives of funda- 
mental research and graduate study, 
the problem of financial support might 
be eased. However, if support is 
limited to one industry, the problems 
inherent in the industry institute (sec- 
tion 17) are likely to arise. 


The Integrated Faculty for Under- 
graduate and Graduate Instruc- 
tion 

At present, most of the graduate 
teaching in engineering is carried on 
by faculties having the primary re- 
sponsibility of undergraduate instruc- 
tion. The benefits derived from close 
association of graduate and under- 
graduate instruction should be pre- 
served, but graduate instruction as an 
overload for undergraduate teachers 
has no merit or justification. The 
benefits derived from close association 
of graduate and undergraduate instruc- 
tion are: (a) Undergraduate students 











622 


may be led progressively into graduate 
work as discussed more fully in sec- 
tion (3). (b) Young teachers have 
the example continually near them of 
the successful and distinguished grad- 
uate teacher whose greater freedom of 
activity is a reward that has a wide 
appeal. (c) The professional objec- 
tives established in the graduate school 
influence faculty and student points of 
view concerning undergraduate instruc- 
tion, resulting in improved standards 
of undergraduate work. (d) The em- 
phasis upon research, which cannot be 
neglected in the graduate school, vi- 
_ talizes instruction at all university 
levels. 


Organization for an Integrated Faculty 


Undergraduate instruction is almost 
universally placed under a dean of en- 
gineering or of technology with depart- 
mental directors resporisible for the 
conduct of the work of individual cur- 
ricula. With a single faculty there is 
a continual strain between those who 
would emphasize undergraduate in- 
struction and those who would empha- 
size graduate study and research. The 
common arrangement of a graduate 
school functioning under a dean who 
has neither faculty nor budget but is 
given authority to set standards of 
graduate student performance is not a 
solution to the overall problem. 

If we admit that objectives in grad- 
uate and undergraduate work are com- 
plementary but are still sufficiently dif- 
ferent to require individual emphasis 
within the faculty, it becomes evident 
that they are best integrated through 
close physical association but differ- 
entiated through certain phases of 
administration such as faculty desig- 
nation, and budget control. The de- 
partment directors are naturally given 
full responsibility for undergraduate 
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and graduate instruction and it is clear 
that in most departments every faculty 
member should be conducting at least 
one undergraduate course. The normal 
budget should provide salaries, equip 
ment, and supplies for maintaining the 
complete undergraduate program. 






The Graduate Faculty 


The graduate function in engine § py 
ing may be more effectively conducted | 
by a designated graduate faculty both 
a part of but separated by special ap 
pointment from the undergraduate 
faculty. It is recommended that there 
be supplementary salaries for those who 
have become sufficiently distinguished 
in professional activities and re 
to be chosen for membership on this 
faculty, and a special budget for ré 
search equipment, supplies, and sub 
sidiary services to research professors 
and graduate students. If the budget 
for the graduate function is separated 
from the undergraduate departmental 
budgets, there will be every reason for 
departmental directors to encourage te 
search and graduate study within 
their departments since this work adds 
to the services and luster of the dé 
partment without reducing the e& 
penditures upon undergraduate instrue 
tion. When teachers are placed upot 
the graduate faculty, their undergraé 
uate teaching loads should be limited 
so that there can be no reason for cof 
stricting graduate instruction and re 
search to provide additional undet- 
graduate instruction. 

The graduate faculty should be re 
sponsible for all, graduate instructioml 
and should include research professom 
and others who have been selected fof 
their professional work and for ther 
contributions to the conduct of grate 
uate study. It is important, howevél 
that younger members of the teaching 
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staff should be encouraged to asso- 
ciate themselves with these graduate 
teachers for the purpose of preparing 
and giving special lectures before grad- 
wate seminars or for supervising lab- 
oratory phases of thesis research under 
m. the direction of a research professor. 


is clear 


at least 


Subsidiary Services 


Experience has long demonstrated 
that the difficulties of conducting effec- 
tive research are unnecessarily great in 
most educational institutions. The re- 
searcher who uses only paper and 
pencil is looked upon as a fortunate 
person. Eminently successful research 
organizations, whether in industry or 
education, make research as easy to ac- 
complish as possible. The necessary 
subsidiary services for laboratory re- 
search in engineering, physics, and 
chemistry are (a) excellent shop serv- 
ices On a generous scale (b) the help 
of a draftsman (c) photographic, 
photostatic, blueprint and stenographic 
help when needed (d) administrative, 
purchasing, and accounting aid with 
the minimum of red tape (e) library 
service especially adaptable to the re- 
search worker. These subsidiary serv- 
ices add more to the accomplishment 
of research than any comparable ex- 
penditure of funds. They must be set 
up, however, as freely available serv- 
ices because, if they are primarily or- 
ganized for industrial research or for 
the undergraduate program and only 
secondarily for fundamental research 
and thesis investigations, accomplish- 
jong Ment in the latter direction will be very 

sm greatly restricted. Research workers 
are not interested in or competent to 
fight continual battles against the or- 
ganizational system of the institution. 
Research needs cultivation and thrives 
ing ON friendly codperation. 
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(3) INTEGRATION OF UNDERGRADUATE 
AND GRADUATE EDUCATION 


There has been little organized effort 
to acquaint the best undergraduate stu- 
dents with the objectives and rewards 
of graduate study. Nor has the usual 
engineering curriculum offered the un- 
dergraduate student stimulating asso- 
ciation with graduate students or with 
research. The period of undergrad- 
uate study has too often been an end in 
itseli—a practical education planned to 
fit the graduate for an introductory 
position in the practical work of engi- 
neering. 


Majority and Minority Groups in En- 
gineering Student Body 


For a majority of undergraduate 
students, the typical engineering cur- 
riculum which has received E.C.P.D. 
approval provides a satisfactory stimu- 
lation. It balances work in the art 
of engineering with a study of the basic 
engineering sciences, and includes some 
leavening through the humanities and 
the social sciences. It properly re- 
stricts the specialist in his desire to 
teach the more theoretical phases of 
design because of the limited capacity 
of the majority of students to master 
such mathematical subjects as the ad- 
vanced phases of mechanics, heat trans- 
fer, fluid flow, thermodynamics, and 
electrical wave phenomena, 

For a small minority of engineering 
students, these latter subjects are of 
the greatest interest. Such students 
have usually proved themselves to be 
superior scholars in mathematics, phys- 
ics, and the more theoretical subjects 
of the junior year, although some have 
distinguished themselves at laboratory 
experimentation instead. To remove 
these gifted students from the lockstep 
of the fixed undergraduate curriculum 
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by optional studies should contribute 
toward their intellectual development 
and therefore toward the production of 
research and development engineers 
and of those specialists who handle the 
higher phases of engineering design. 


Research and Development Options 


Experimentation, for selected stu- 
dents in substituting advanced scien- 
tific study and an introduction to the 
methods of research for standardized 
courses from the junior and senior 
years seems in order. Experiments in 
selecting such students and in evaluat- 
ing the results achieved will be watched 
with the greatest interest. It seems 
doubtful whether an overall revision 
of less than one full semester of eight- 
een credit hours of study could prove 
very significant—although the work of 
any Research and Development Option 
should probably extend over more than 
one semester, perhaps over as many as 
four semesters. 

The objectives to be achieved by ‘spe- 
cial instruction of a carefully selected 
group of students are: (a) To encour- 
age students of unusual capacity for 
scientific study to greater intellectual 
effort by giving them more freedom in 
the choice of courses, of seminar study, 
and through individual contact with re- 
search professors. (b) To stimulate 
selected students to attend such gradu- 
ate courses as their development fully 
justifies. A few courses for graduates 
and advanced undergraduates will 
serve a useful purpose, but the objec- 
tives of graduate study cannot be met 
by placing most graduate courses on 
that basis. (c) To permit certain stu- 
dents to work with a research profes- 
sor upon either theoretical or labora- 
tory research. The professor must, 
however, understand and accept his 
responsibility for directing the stu- 
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dent’s educational progress and not 
the student only as a research assist 
ant. (d) To admit those students wh 
show exceptional growth during th 
early phases of this procedure % 
graduate students before the award 
the bachelor’s degree if their objective 
of study for an advanced degree. has 
been sufficiently established. 


Objectives and Problems of Individ- 
ualized Study E 


The dangers inherent in this pm 
posal are evident. The mere selection 
of the proper students requires effort 
and careful analysis. The freedom d 

















selecting courses and seminars and @ 
substituting laboratory research or i 
dependent study for courses in th 
regular curriculum will be abused ifit 
is not guided thoughtfully. In so far 
as less formalized study is substituted 
for course work, the problem of & 
amination for credit becomes impor 
tant. If overemphasized, this pla 
could lead to the feeling among st 
dents that the standard engineering 
program was really substandard with 
resultant excessive numbers of cande 
dates for the research and development 
options. On the other hand, unles 
the plan is properly organized and pre 
sented to the students ‘so that its ob 
jectives can be readily understood, it 
may be labeled “highbrow” and fall 
completely. Finally, there is litte 
question that some breadth of edt 
cation must be sacrificed to achieve the 
specialization suggested here since @ 
lengthening of the period of study for 
the bachelor’s degree is not recomr 
mended. ; 


Summary 

The production of engineers edit 
cated in basic science and the mom 
theoretical phases of engineering anf 
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trained in the procedures of research 
js an objective of the greatest signifi- 
cance. The demands for men with 
advanced degrees in engineering have 
increased more rapidly than the sup- 
ply so that students with bachelor’s de- 
grees are taken directly into research 
and development organizations. More 
scientific specialized training at the un- 
dergraduate level will aid in solving 
this problem by offering better prepa- 
tation for those who will leave the un- 
dergraduate college and go directly 
into research or design and develop- 
ment work, and it will also encour- 
age more students to continue their 
education in the graduate school by 
eliminating the present sharp line of 
demarcation between undergraduate 
and graduate study for selected stu- 
dents. 


(4) DeveELoPMENT OF A GRADUATE 
FACULTY 


Great teachers are rare, great gradu- 
ate teachers very rare; good teachers 
are not too common, but it is probably 
as easy to be a reasonably good teacher 
of graduate students as of undergradu- 
ate students—perhaps it is easier. 
Mediocrity in teaching is always at 
hand and if dominant is always dan- 
gerous. Perpetuating and perfecting 
techniques is a function of graduate 
training, but it is an incidental func- 
tion, not 4 primary objective; the im- 
portance of it depends on several fac- 


tors, one being the field of study. 


Speculation is certainly a function of 
graduate study, but too much attention 
to it produces that unfortunate product 
who can discuss all questions and an- 
swer none, win all arguments and lose 
all decisions. We must produce think- 
ers who are doers as well. 

A graduate faculty needs a few great 
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teachers, some good teachers, and can 
use mediocre teachers, but not medi- 
ocre engineers, for some of its work. 
From the point of view of the general 
faculty, it is probably well, and some 
think it important, that all members of 


‘the staff take an active part in the 


graduate program. But this does not 
mean at all that every teacher should 
be in charge of a graduate course; 
within limits, graduate courses should 
be few rather than many and should 
be placed in charge of teachers having 
some elements of greatness. Here, of 
course, administrative difficulties arise, 
since those who are mediocre are often 
surer of their own greatness than are 
great teachers; also, the man thought 
to be mediocre may grow and the great 
teacher may lose his vital spark. The 
point at least emphasizes the danger of 
active administration of graduate fa- 
culties by mediocre scholars. 


A Diversified Faculty 


Graduate faculties should not be too 
homogeneous. The students should be 
blown on here by many winds of doc- 
trine so that they will not later be too 
easily blown about by them. Rational- 
ist and empiricist, mathematician and 
historian, formalists and those whocare ~ 
little for convention, all have a place 
provided they do not insist too vio- 
lently that there is no place for the 
others. 

A graduate faculty must grow and 
then must keep on growing; this is 
true of the individuals and of the or- 
ganism. The recluse is common in this 
environment, but it is always unfortu- 
nate that he is a recluse. Growth 
comes from exchange of views—of 
many views, of discordant views, The 
growth of honest interest in knowledge 
should be so active that petty vanity or 
smug pedantry do not unduly thrive; 
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mutual admiration societies are rarely 
vital. 

A great graduate teacher must be 
honest and must-be active in research 
which means that he must with honesty 
and humility seek truth and pursue it, 


he must be intelligent and well in- 


formed, he should be broadly educated 
and have had experience that is varied 
even if partly vicarious. He need not 
be popular or handsome or witty or 
even famous, but he must somehow in- 
spire students to emulation and to sub- 
sequent independent production. 


Encouraging Faculty Growth 


Men who are given opportunities in 
graduate teaching are usually intelli- 
gent; their defects are commonly in 
courage when they dare not disagree, 
in persistence, in imagination, and 
sometimes in intellectual honesty. For 
the young man there are well-known 
outward stimulants to growth—study, 
publication, travel, practical experi- 
ence, committee work, active work in 
professional societies; but all of these 
can be overdone and no one of them 
nor any combination will alone add 
greatly to his intellectual stature. Only 
those who have the will toward intel- 
lectual growth achieve it. The absorp- 
tion of other men’s ideas readily be- 
comes a vice; too much publication is 
as bad as too little; “a fool who learns 
to roam is no wiser than one who stays 
at home” ; experience does good service 
but is often a dangerous master; ex- 
cessive committee work may hopelessly 
dissipate valuable energy; and profes- 
sional societies turn out many useless 
reports. But, nevertheless, in each of 
these devices lies the stimulation that 
accounts for the development of many 
of our great teachers of graduate stu- 
dents. 
How, then, may an institution help 
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to develop its graduate faculty? By 
sympathetic understanding of their 
problems, support of their objectives, 
and appreciation of their accomplish 
ments—all with full realization that 
the graduate field the institution cam 
not possibly be more distinguished 
than is its graduate faculty. 

Those truly great should be cher 
ished, those who would be great should 
be encouraged, and if and when they 
grow, they should be rewarded. But 
gilded dust must be distinguished from 
gilt o’erdusted; ability to make the 
distinction with assurance is rare, but 
it is essential to those who would help 
to form a graduate faculty. 


(5) Apmission REQUIREMENTS FOR 
MASTER’S AND DoctTor’s DEGREES 


The value of a master’s or doctors 
degree is colored by the reputation and 
success of the men who have prevr 
ously received it. It is somewhat like 
the hallmark on sterling silver and 
should be awarded only to those who 
have clearly proved their worth. Adé 
mission to candidacy for a degree is 
not a right but is a privilege which 
may be withheld or granted at the dis 
cretion of the school in which the stt 
dent desires to study. 


Standards of Admission 


Colleges of engineering should not 
accept a student for graduate study 
whose undergraduate record has not 
been better than average. In fact, only 
students who rank in the upper quar 
ter of the graduating class are likely 
to become strong .candidates for afl 
advanced degree. Special attention 
should be given to the adequacy of and 
standing in courses in mathematics and 
the physical sciences and English be 
cause they form the foundation for all 
graduate study in technical fields. 
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It is often wise to accept an ap- 
plicant as an unclassified graduate stu- 
dent and admit him as a candidate for 
a degree only after the successful com- 
pletion of his work in the first se- 
mester. His program nay then be 
outlined with greater fairness to the 
student and to the standards of the 
school. The evaluation of graduate 
credits transferred from other schools 
may also be wisely postponed for one 
semester. 

An acceptable student should not 
only have shown ability but also hon- 
esty, industry, initiative, and intellec- 
tual curiosity. The latter qualifica- 
tions may be evaluated only imper- 
fectly. Letters from the dean and from 
one or two professors who have known 
the man as an undergraduate will help 
to determine the student’s qualifica- 
tions. If the student has a background 
of industrial work, letters from em- 
ployers will be helpful. 


Entrance Examinations 


Entrance examinations before ad- 
mission to study for the master’s de- 
gree involve many difficulties. They 
cannot be given conveniently before 
the student arrives to commence his 
graduate work, and if given at the be- 
ginning of his term of residence, they 
are difficult to evaluate because of the 
variations in undergraduate training 
and also the brightness or rustiness 
of the candidate’s preparation. The 
Graduate Record Examination when 
fully developed may give a good pic- 
ture of the candidate’s general breadth 
of background. Of course, it makes 
no attempt to evaluate his specialized 
technical qualifications. Entrance ex- 


aminations may, therefore, be con- 
sidered as complementary to other 
factors in evaluating the student’s 
standing. They are less significant 
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than entrance examinations to under- 
graduate study because much more evi- 
dence concerning the qualifications of 
postgraduate students is readily avail- 
able in the record of the undergraduate 
studies. 


Preliminary Examinations for the Doc- 
torate 


Students should not be accepted as 
candidates for the doctorate until they 
have shown their proficiency by a year 
of graduate study which includes work 
in mathematics (see section 10) and 
the theoretical phases of some branch 
of engineering. Admission to study 
for the doctorate should be granted 
only to those who excel in meeting the 
general requirements outlined for the 
master’s degree. Preliminary exami- 
nations for the doctorate are essential. 
Some deficiencies in preparation may 
be overlooked in an applicant for the 
master’s degree, but they should not be 
permitted in one who is applying for 
the highest academic honor. | 

The preliminary examination should 
establish the student’s understanding of 
the important theoretical phases of the 
undergraduate program as well as the 
general subject matter of completed 
graduate study and should require the 
use of mathematics and of the physical 
sciences. This examination is dis- 
cussed more fully in Section 11. 


(6) AWARDING AND EARNING Ap- 
VANCED DEGREES IN ENGINEERING 


Educational programs leading to 
graduate degrees are so varied in scope 
and in objectives that universal re- 
quirements for the master’s and doc- 
tor’s degrees in engineering cannot be 
narrowly specified. It seems generally 
agreed that admission to graduate 
study will usually depend upon com- 
pletion of the work for the bachelor’s 




















degree in the same or in a supporting 
field, but capacity to advance in gradu- 
ate study is clearly the only essential 
criterion. The formality of completing 
undergraduate courses that are not 
necessarily prerequisite to the graduate 
studies is unwarranted if the student 
holds an accredited degree. 


Residence Requirements 


A required residence period of one 
academic year at the institution grant- 
ing any advanced degree is apparently 
universal and three years of postgradu- 
ate work at institutions with high 
standards of graduate study is common 
for the doctorate. These formal re- 
quirements seem reasonable and proper 
although faculties have the privilege of 
setting their own rules and of treating 
exceptional students in an individual 
manner. 


Bilateral Character of Formal Require- 
ments 


There is no doubt that strong engi- 
néering colleges can and will maintain 
and elevate the stature of their mas- 
ter’s and doctor’s degrees. Graduate 
schools will continue to select their de- 
gree-candidates from among men and 
women of distinctive promise and 
scholarly performance. Meanwhile, 
the student’s requirements for post- 
graduate educational opportunities 

’ must not be overlooked. Just as the 
school should have reasonable assur- 
ance that the student is a good schol- 
arly risk, the student should have a 
like assurance that the school can offer 
him the graduate program he desires. 
Thus, the formal requirements for 
graduate degrees should be based on a 
bilateral analysis of the obligations of 
student and school, and the faculty 
should freely recommend other institu- 
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tions that might better serve the sty 
dent’s individual needs. 

What essentially constitutes a grad. 
uate program? How does it oper 
ate? Who keeps it moving? ...]f 
questions like these can be answered, 
many of the formal requirements for 
advanced degrees will be outlined im 
plicitly. _ Formal documentation of 
these requirements in administrative 
regulations, which can impel the effec. 
tive operation of a graduate program, 
should be indigenous to each graduate 
school. 


Devices and Methods of Graduate 
Study 


Graduate work in operation is ideally 
a process of self-development of the 
student. Necessity for group instruc 
tion and formal class work at the 
graduate level bears an inverse rela 
tionship to the scholarly maturity o 
the student or to the catalytic capacity 
of the teacher. This does not imply 
that lectures and formal instruction are 
inherently bad. Indeed, they may he 
desirable and economical in smoothing 
the transition from a heterogeneous 
background of undergraduate instrue 
tion to forthright progress of the inde 
vidual graduate student at the post 
graduate level. Among incentives and 
spurs to student self-development, it 
may be emphasized that: (a) Teachers 
should stimulate students to self-action 
and then guide and question rather 
than lead and inform. This assumes 
that the purpose is to develop the 
graduate student rather than to carty 
out a program of institutional research. 
The kind of leadership which develops 
individual research capacity may fb 
quite different from the kind of leader 
ship necessary to manage an institit 
tional team in research. (b) Seminars 
in which the students themselves sup 
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ply the ideas and learn—under the 
guidance of the staff leader—to test 
their own thinking processes may be 
far superior to formal lectures or lab- 
oratory manipulations. (c) Labora- 
fories—analytic and bibliographic as 
well as experimental—provide the 
basis for sound discussion and study 
of problems within the student’s ad- 
yancing horizon. (d) Formal reports 
—written and oral—help to develop 
accuracy of statement and new or dif- 
ferent points of view. Short articles or 
discussions of current papers which 
find their way into publication are 
powerful stimulants to developing the 
studént’s interest in the stream of pro- 
fessional progress. (e¢) Systematic 
habits of noting, assembling, tabulat- 
ing, and analyzing pertinent matter 
from day to day should be developed 
early in the student’s program. 


Applying and Relaxing Formal Re- 
quirements 


For purposes of administration a 
graduate school may find it necessary 
to formalize its standards for master’s 
and doctor’s degrees by surrounding 
the fields of scholarly pursuits and hu- 
man development with requirements 
concerning such matters as admission 
to the graduate school; major and 
minor fields; distribution of time be- 
tween courses ; credits ; residence ; con- 
tinuous or overall period of study; 
admission to candidacy ; language cer- 
tification, proficiency, or purposeful 
use; qualifying examinations ; research 
and thesis; final examinations; pub- 
lications. However, at intervals the 
teal thoroughbreds should be permitted 
and encouraged to hurdle these admin- 
istrative fences and to grow and exer- 
cise in their professional fields as in- 
dividuals and potential leaders. 


629 


For the gifted and earnest graduate 
student and the truly great graduate 
teacher, the metaphor is inept. For 
them teamwork, adequate laboratory 
and library facilities, mutual confi- 
dence and good will, and a minimum of 
formalism will develop distinguished 
masters and doctors—but their num- 
bers will probably. be small. The col- 
lege will need its formal requirements 
for its average students, but college 
administrators should not* forget that 
the graduate field is the province of the 
superior mind. 


(7) Distr1BnuTION oF EMPHASIS 
Amonc Major, MINor, AND 
RESEARCH 


Definition of Major——For the pur- 
poses of this discussion, the term “ad- 
vanced degree” means either the mas- 
ter’s or the doctor’s degree in engineer- 
ing with or without designation of 
field of specialization. The term “ma- 
jor” refers to a field of scientific or en- 
gineering specialization for an advanced 
degree. It comprises all subjects which 
contribute toward attainment of com- 
petence in that field. 

The subjects which make up the 
major may be offered all in one de- 
partment or may be distributed among 
several departments. Nothing appears 
to be gained by maintaining a restric- 
tion of the term “major” to offerings 
of a single department. Departmental- 
ization of a faculty is a mechanism of 
administration and does not indicate 
the existence of boundaries between 
the various centers of scientific em- 
phasis which give the names to depart- 
ments. Subjects contributory to a 


major, offered in departments other 
than that in which a student is en- 
rolled, may require articulation into 
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the major program if the student is to 
receive the best education. Interde- 
partmental service of this sort is ad- 
vantageous to all concerned. 

The attainment of professional com- 
petence is advanced also by skill in 
research, and the development of this 
type of skill is appropriately a part of 
the major field. Research is investi- 
gation by orderly and scientific method 
for the establishment of truth by dis- 
covery, application, or confirmation of 
tentative findings. 

It is fully realized that the definition 
of “major” offered in this report can- 
not coincide with all of the various 
definitions of major which are a matter 
of current record or of unwritten un- 
derstanding. This definition is offered 
as having a sound basis in logic and a 
useful distinction from that of “minor” 
presented below. 


Definition of Minor 


The term “minor” in respect to a 
program leading to an advanced de- 
gree appears to be justified only if it 
designates something that is essen- 
tially different from a major require- 
ment. Unless there be inthe approved 
type of graduate program such an ele- 
ment of difference worthy of perpetua- 
tion, it would be much better to drop 
both the terms “major” and “minor.” 
The occasional use of these terms to 
differentiate among courses contribu- 
tory to the same profession or field, in- 
cluding subjects cognate with those 
offered in a socalled “major” depart- 
ment but offered in another depart- 
ment, appears to serve no useful end. 
Hence, since all work for the master’s 
degree usually contributes toward 
‘one professional objective, the term 
“minor” can be omitted from a discus- 
sion of this degree. 
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The Minor in the Doctorate 


For the doctorate there is real me; 
ing to the term minor which designate 
a unified study of a separate field ¢ 
science or applied science. A minor 
study in any field of the natural o 
social sciences should be permitted 
when it is clearly established that 
such study will contribute directly 
the proposed research project. A com 
mon unit comprising a minor study 
would consist of integrated courses, 
representing approximately the full 
time work of one semester out of the 
six required for the doctorate. Ap 
obviously useful minor study fof the 
doctorate in any field of engineering o 
science would be mathematics. Some 


schools assume that one minor study 
will be in mathematics for nearly al 
candidates for the doctorate in engineer 
ing. A second minor study, closéy 


related to the major study, may k 
chosen, but, according to the definition 
given here, this work may more ap 
propriately be classed as a part of the 
major. As an example, the chemial 
engineer may take a minor in physic 
chemistry or the work in physidl 
chemistry may properly be accepted & 
a part of the chemical engineeritg 
major. The same close relationship 
exists between electrical engineeritg 
and certain courses in physics or 
tween civil or mechanical engineering 
and mechanics. Therefore, it 8 
strongly recommended that the choiet 
of courses comprising the major study 
be made liberally and without refer 
ence to departmental lines but that one 
minor be required in a field cleatl 
separated but contributing to fi 
strength of the major study or the re 
search. 
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Relative Emphasis on Research 


An appropriate proportion of time 
of the major to be devoted to research 
appears to be greater in programs lead- 
ing toward a doctorate than in those 
aimed at a master’s degree. For the 
master’s degree it may properly be 
greater in programs of students pre- 
paring for research or development or 
other creative activities, on the one 
hand, than in those pointed toward the 
less scientific phases of engineering on 
the other. 

The emphasis upon research in a 
master’s program, as recommended in 
another section of this report (Section 
8), should be directed toward train- 
ing in techniques of research or scien- 
tific design and will not include a re- 
quirement of demonstrated ability in 
original research leading to a contribu- 
tion to knowledge. The master’s de- 
gree need not be a “little doctorate.” 

It is recommended that not less than 
one-third the major time allotment in 
a doctorate program (including the 
time for the master’s degree) be de- 
voted to research and that not less than 
one-fifth the major time in a master’s 
program be devoted to the investiga- 
tion or thesis study. A greater pro- 
portion of time spent on research is to 
be encouraged for any student who 
shows early acceptance of complete 
responsibility for the use of his time 
when it is undirected. This capacity is 
not found fully developed in all grad- 
uate students by any means. 

Discussion 

The suggestions made herein for dis- 
tribution of time among major, minor, 
and research aspects of programs lead- 
ing to advanced degrees cannot be 
tigidly applicable in all cases, but 
should serve merely as range marks 
in plotting a course of study. The dis- 
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tribution of emphasis appropriate to- 
day may require alteration as under- 
graduate engineering curricula. evolve 
as recommended by committees of our 
Society, particularly in the develop- 
ment of ingenuity and research ca- 
pacity. There is every reason to en- 
courage experimentation with such 
methods of introducing exceptional un- 
dergraduate students gradually to the 
experiences of graduate study. 


(8) UseFULNESs AND Proper Con- 
TENT OF THE GRADUATE THESIS 


The preparation, execution, and de- 
fense of a thesis is an extremely useful 
part of professional training. 

It is normally required that the mas- 
ter’s thesis demonstrate the ability to 
analyze a problem clearly and either to 
carry on a research assignment with 
reasonable guidance by the thesis ad- 
viser or to develop a design incorporat- 
ing novel features. In most cases, the 
master’s thesis in engineering is the 
first acquaintance: of the student with 
independent design or research work 
and it is often used for the training in 
methods and procedures relating to 
research. 

The requirement for the doctor’s dis- 
sertation is invariably independent re- 
search culminating in an original con- 
tribution to engineering. The doctor’s 
degree is considered primarily as a re- 
search degree in engineering and in . 
many instances the master’s degree is 
made a prerequisite in order to obtain 
reliable preliminary judgment of a stu- 
dent’s research ability. 

The term “thesis” is used to denote, 
variously, 

(a) A proposition to be investigated 

or tested. 

(b) The actual investigational effort 

of research or testing. 
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(c) A written dissertation on an in- 
vestigation submitted in partial 
fulfillment of requirements for 
an academic degree. 


The development of a thesis offers 
a most valuable and practical oppor- 
tunity to the fledgling scientist or engi- 
neer to try out his own professional 
wings, and to demonstrate to himself 
and to his fellows that he is able to 
make progress on his own initiative 
and by his own efforts. 


Selection of a Thesis Subject 


Ideally, the thesis should be an or- 
derly, planned attempt to satisfy con- 
structive curiosity in discovery or in 
substantiation of truth. It will best be 
chosen in respect to available facilities, 
instructional personnel, and time for 
its prosecution. In the process of se- 
lection and restriction of the proposi- 
tion to be laid down as a thesis, serv- 
ices of the experienced teacher are 
likely to be especially valuable. 

The neophyte in research, if left to 
his own devices, often selects for in- 
vestigation a topic which involves con- 
siderations too elaborate, too difficult, 
or too comprehensive to be handled 
satisfactorily in the time at his dis- 
posal. This optimism of youth is a 
distinct asset to any investigator and 
should be preserved as long as pos- 
sible by persuading the young research 
worker to be moderate in his objec- 
tives. If he is able again and again to 
achieve success, he will progress from 
the smaller to the greater with a mini- 
mum of discouragement in the early 
stages. 

In: selection of thesis problems, it is 
wise to restrict the choice to those in 
which the general technique for attack 
is already a part of the student’s equip- 
ment. As he delves deeper and deeper, 


MANUAL OF GRADUATE STUDY IN ENGINEERING 


the investigator may expect confider 
to meet situations which will be 

to his experience, in the attack y 
which there will be opportunity for ful 
play of his powers of origination ang 
of his ability to master new techniques 


Formulation and Attack upon the 
Problem 


It is useful in planning a thesis t 
outline its principal subdivisions and 
to forecast in so far as_ possible 
whether the problem as analyzed 
likely to be solved in the time allotted 
for it. Such an analysis by the stp 
dent may well be the substance ofa 
first report on a thesis to the faculty 
supervisor of his work. What should 
a preliminary report include? Th 
proposal presumably has a definite ob 
jective. It is helpful to define that 
objective reasonably and _ explicitly 
What are the reasons why the problem 
has interest? Some of these reasons 
may be general, some personal; they 
may be based on historic traditions o 
upon some new pronouncement whith 
needs verification, or because of lon 
standing lack of information upon some 
special aspect of a larger problem 
These matters briefly presented in 
preliminary report justify the selection 
of the topic chosen. 

Having formulated the question and 
having justified its selection, there next 
comes the planning of an attack upom 
the problem. In efficient planning, tht 
larger objectives are subdivided into@ 
series of lesser ones. These are a 
tacked one by one: a given experiment 


is set up—if the result is positive, thet 


the tentative conclusion is clarified 
but if the result is negative, then ont 
will try a new attack. The number d@ 
repetitions of a given experiment thal 
is needed for the correct tentative cor 
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dusions is a matter controlled by the 


dB theory of precision of measurements, 
ttack upop 


presumably a part of the training of 
every scientific research worker. Fi- 
nally an estimate is made of the time 
needed to complete the work outlined 
plus that needed for unpredictable ad- 
ditions and variations, and compared 
with the hours available. 


Validity of Results 

As a result of experimentation, if 
careful and detailed records have been 
kept, there are available the data upon 
which conclusions can be established. 
Such conclusions will depend upon the 
soundness of deductive reasoning used 
in their derivations and upon the va- 
lidity of the data upon which they are 
based. A consideration of methods of 
obtaining data is therefore in order, 
early in the thesis study, perhaps even 
in its preliminary stages of planning. 

Among the factors which influence 
the validity of experimental data are 
the following : 

(a) Reliability of procedures se- 
lected; experimental error inherent in 
methods or materials ; number of repe- 
titions needed of a given test; method 
of analysis of results. 

(6) Types of apparatus and design 
of new apparatus; its calibration and 
methods of use. 

(c) Effects of variations in meth- 
ods, control over conditions, use of con- 
firmatory or check procedures. 


Content of the Thesis 


An outline of thesis content, then, 
might include : 


I. Introduction 
(a) Statement of the thesis 
problem, with desired ob- 
jective clearly defined, and 
an explanation of why it 
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was chosen for investiga- 
tion. 

(b) A summary of the history 
of the case including a di- 
gest of publications thereon. 
(The actual bibliography is 
more conveniently attached 
as an appendix.) 


II. Text Matter or Body 

(a) An analytical plan of ap- 
proach to the solution of 
the problem and the initial 
experimental steps to be 
taken. 
Experimentation according 
to orderly plan with ac- 
curate and detailed record- 
ing of conditions and re- 
sults. 


(b) 


III. Conclusions and Summary 

(a) Evaluation of findings and 
formulation of conclusions 
that are justified by the 
data. 

(b) A digest of the report as a 
whole and suggestions as to 
further work, in the light 
of the work reported. 


The final form of the written thesis 
should be such that anyone versed in 
the art which comprises its subject 
matter, anywhere, at any time, by 
perusing it can ascertain: (a) the ob- 
ject of the work, (>) why it was un- 
dertaken, (c) what others have thought 
about the subject, (d) why previous 
views or data were unsatisfactory, (¢) 
what the writer did to improve the 
data, (f) what details of technique 
were employed, so presented that ex- 
act repetition is possible, (g) what 
conclusions were drawn and why, (h) 
who did the piece of work, when, and 
where. 
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Objectives and By-Products of Thesis 
Research 


The broad objective of research is 
the establishment of truth either by 
discovery or by confirmation. Nega- 
tive findings which narrow the field of 
possibilities of an unknown, have the 
effect of convergence upon the truth, 
and convincing proof that certain 
things are not true should be as ac- 
ceptable—though not as soul satis- 
fying—as positive findings. By ex- 
perience, the investigator comes to 
tolerate the miss with the hit pro- 
vided each is the result of a sound at- 
tempt. This attitude of mind of the 
searcher for truth is a valuable pos- 
session for a professional man. Its 
acquisition may be considered as one 
of the valuable by-products of research. 

Another good that’ comes inciden- 
tally from thesis work is the train- 
ing in explanation and self-expression 
that ensues if thesis readers are suffi- 
ciently exacting in requiring that dis- 
sertations be understandable, logical, 
and convincing, expressed in clear and 
correct language. A _ scientific dis- 
sertation is not primarily a piece of 
literature; it, of course, must not be 
fiction ; it rarely is likely to be poetic; 
but it can and should be an example of 
convincing exposition. 


Objectives of the Master’s Thesis 


It is only at the doctorate level that 
there is justification for the require- 
ment that a thesis shall comprise an 
original contribution to knowledge as 
evidence of expertness acquired. In 
respect to the thesis for a master’s de- 
gree, the time conventionally assigned 
is limited and the student is usually 
inexperienced in research. It should 
be clear, therefore, that the objectives 
of the master’s thesis are not neces- 


sarily the same as those of the d& 
torate. 

Among the suggestions which seat 
reasonable and acceptable covering the 
thesis requirement for the master’s de 
gree in an engineering field are the fo. 
lowing: (a) A small experimental o 
theoretical research, of the same 
as that for a doctorate. (b) An exer 
cise to develop research ability rather 
than a demonstration of research per 
formance. (c) An exercise in soly- 
ing a practical engineering problem 
involving novel features, which may or 
may not comprise design, and without 
required experiment. (d) A grat 
uated series of projects beginning with 
a problem for solution by use of th 
usual facilities available to an engineer, 
with considerable initial guidance but 
culminating in independent effort with 
little or no guidance. (e) A repot 
based on the literature concerning 4 
selected topic, with interpretations 
thereof. 


Professional Function of the Mastefs 
Thesis 


Whatever form or type of thesis 
prescribed, there is a certain sequent 
of attainments in the education of @ 
engineer before he is entitled to be cor 
sidered as professionally competent it 
his own right. At some stage he must 
learn to do homework; this is an eafly 
test of power of independent accomt 
plishment. At some stage he mit 
learn to meet examinations. When tit 
der employment he must be able 
secure and furnish reliable answers i 
questions put to him by his superiot 
and when in charge of design, cor 
struction, or operation of engineer 
facilities he must be able to meet tf 
problems posed by circumstances. 

College training can aid him in mati 
of these steps toward professional per 
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formance, and the thesis offers an op- 
rtunity for growth from student 
status to that of professional perform- 
ance. : 
If, then, one accepts the principle 
that in the curriculum leading to a 
master’s degree in engineering, the 
master’s thesis is first considered as 
a contribution to the training of the 
candidate rather than a contribution to 
knowledge, immediately the educator 
finds himself on firm ground. The 
common absence of conviction that 
master’s theses are worth evaluating 
as contributions to knowledge ceases 
tohave importance. Where a master’s 
thesis does contribute something new, 
that is a welcome fact of interest. 

By acceptance of this rational ob- 
jective for theses of the master’s grade, 
one finds that judgment of the ap- 
propriateness of alternatives has a 
logical relationship to the other train- 
ing of the student. If his program 
exclusive of thesis has shown an em- 
phasis upon investigational or experi- 
mental classwork, then obviously a 
thesis topic in design or problem solu- 
tion will tend to round out preparation. 
On the other hand, if the student’s 
program or present capacity shows 
weakness in investigational techniques, 
an experimental thesis would seem to 
be more appropriate. It is recognized, 
of course, that some students destined 
to be extreme specialists can with profit 
devote all studies toward a more nar- 
tow objective. 


(9) Lancuace REQUIREMENTS FOR 
ADVANCED DEGREES IN 
ENGINEERING 


In 1934 the Office of Education of 
the United States Department of the 
Interior undertook a survey of gradu- 
ate work in engineering in codpera- 
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tion with the Committee on Graduate 


Study of S.P.E.E. Included in the 
survey were data from 83 schools that 
granted master’s degrees in engineer- 
ing and 34 schools that also granted 
doctor’s degrees in engineering. The 
report of that survey, published in 
1936, presents the following inter- 
pretation by the committee with re- 
spect to— 


“Language requirements.—In work for 
the doctorate, a reading knowledge of two 
modern foreign languages is required al- 
most universally. Apparently the tra- 
ditional requirements of work in pure 
science, the classics, and philosophy have 
been adopted in engineering without much 
consideration of their relevancy. It is of 
some significance, perhaps, that in pro- 
grams of work for the master’s degree, 
which have developed in closer relation- 
ship to undergraduate work in engineer- 
ing and often under the direct guidance 
and control of the engineering faculty, 
language requirements are usually not im- 
posed. Further study might well be given 
to this whole matter.” * 


Foreign Language Study by Under- 
graduates 

Assuming that graduate students in 
engineering should first be engineer- 
ing graduates, it is appropriate to con- 
sider the pattern of engineering educa- 
tion at the undergraduate level. The 
Committee on Aims and Scope of En- © 
gineering Curricula in 1940 recom- 
mended a pattern made up of sequences 
of subject matter in two stems: scien- 
tific-technological and humanistic-so- 
cial. In these two stems, as recom- 
mended by that committee, a foreign 


language proficiency is not implied. 


* W.C. John and H. P. Hammond, “Grad- 
uate Work in Engineering in Universities 
and Colleges in the United States.” Bulletin 
1936, No. 8, pp. 85-86. U.S. Department of 
the Interior, Office of Education. 
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Again in a report of 1944, the Commit- 
tee on Engineering Education After 
the War adopted the same point of 
view about undergraduate education 
with relation to the study of a foreign 
language. 

It is unlikely that the engineering 
graduate will have even a rudimentary 
knowledge of any foreign language as 
a consequence of his undergraduate 
education whether he be trained ac- 
cording to the usual pattern of the en- 
gineering undergraduate, according to 
a pattern aimed toward operation and 
management in industry, or according 
to a pattern aimed for higher levels of 
scientific study. Except for some brief 
experience in the high school, the 
graduate student in engineering is most 
likely to come to grips with a foreign 
language only after he has earned his 
master’s degree. Only in undergtad- 
uate chemical engineering is the study 
of German often required. 


Usual Language Requirements for the 
Doctorate 


Recognizing further that candidates 
for the doctor’s degree in engineering 
have usually completed the require- 
ments for the master’s degree, the pat- 
tern of engineering education at the 
early graduate level also has a bearing 
on language requirements which may 
be appropriate for the doctor’s degree. 
With the master’s work planned as a 
terminal program for which a foreign 
language is not required, the engineer- 
ing schools are requiring two foreign 
languages to be mastered by the stu- 
dent in the single year before he enters 
his last year of residence for the doc- 
torate. This is the effect of the al- 
most universal requirement of two 
modern foreign languages—usually 


French and German—selected with 
little consideration of their relation- 
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ship to the student’s major problem or 
to his future work. The result, of 
course, is that one- must be satisfied 
with a rather superficial ability to 
translate material in these languages, 

Several questions may be asked with 
regard to the foreign language require- 
ments for the doctorate in engineering: 

If one or more foreign languages 
are necessary as a tool of research, 
should not foreign language occupy in 
the student’s graduate program a place 
comparable to English in the under- 
graduate program? 

Is the graduate student required or 
encouraged to use his foreign language 
(or languages) as a tool, or is the lan 
guage hurdle merely a disciplinary de- 
vice ? 

What proficiency is expected of the 
student in foreign languages and to 
what end? 

Are the methods of language instruc 
tion available to graduate students 
pitched at a mature level and aimed 
to develop systematic language habits 
in keeping with other disciplines of 
graduate instruction ? 

Should not some of the best talent 
of language teachers be directed to- 
ward helping the best engineering 
talent at the graduate level make use of 
a foreign language? How much more 
stimulating this could be than allow- 
ing the graduate student to shift for 
himself in acquiring “a reading knowl- 
edge” of French and German! 


Alternative Single Foreign Language 
Requirement 


Instead of accepting a superficial 
“reading knowledge” of two foreign 
languages, it is recommended that one 
foreign language used purposefully by 
the student in his major field of study 
be considered equally acceptable. If 
the foreign language is to be a tool, the 
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graduate student must be required to 
demonstrate in his program of study 
that he can and does use that foreign 
language effectively and extensively in 
relation to his project or thesis. It is 
self-evident that careful control must 
be exercised over the single language 
requirement or it will drift downward 
toward the present superficial reading 
knowledge which has been criticized 
in the two-language requirement. 

What language? That would rea- 
sonably depend on the student’s major 
field. Commonly it would be French 
or German but, with equal purpose, it 
could be Italian or Russian or some 
other language chosen because of its 
literature in the major field of study. 

Thus, at his qualifying examination 
the doctoral candidate should demon- 
strate that he is able to use one foreign 
language effectively and at ‘the final 
examination there should be evidence 
presented of its use—and not merely 
the common certificate of “reading 
knowledge” of French and German. 
Whether this alternative is more rigor- 
ous or lenient than current require- 
ments and whether it will be found 
dificult to administer may be debat- 
able. There can be little doubt that 
once one foreign language is learned 
and used extensively in relation to 
one’s field of interest another can be 
learned with relative ease. 


(10) MatHematTics As A Part OF 
GRADUATE STuDY IN ENGI- 
NEERING 


Graduate study in engineering em- 
phasizes the mathematical or scientific 
approach to the solution of technical 
problems. Analytical studies are far 


More important in graduate work than 
informational courses since the art of 
engineering is to. be learned mainly 
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in practice rather than in graduate 
classes. Mathematics is the primary 
tool of engineering but undergradu- 
ate curricula seldom include required 
courses in mathematics beyond the in- 
tegral calculus. 

An ability to use mathematics be- 
yond undergraduate courses in dif- 
ferential and integral calculus is essen- 
tial for engineering graduate study. A 
knowledge of differential equations has 
a particular value in mechanics, the 
functions of a complex variable are 
much used in electrical engineering, 
while an understanding of statistics as 
applied to the interpretation of engi- 
neering data adds to the effectiveness 
of the investigator. In addition, the 
rigorous logic of the mathematical ap- 
proach (premises clearly stated; con- 
ditions of sufficiency exactly defined) 
is excellent training for research work- 
ers in all fields. 


Mathematics Required for the Master's 
and Doctor's Degrees 


It is recommended, therefore, that 
the master’s program in engineering 
include one or more courses in mathe- 
matics beyond integral calculus and 
that the doctorate in engineering should 
commonly be strengthened by requir- 
ing the student to complete the equiva- 
lent of a minor study (defined in 
section 7) in mathematics. In some 
institutions these courses can be taken 
within the framework of the college of 
engineering. To meet the mathe- 
matics requirement, such courses in 
advanced mathematics should be taught 
by competent mathematicians who may 
also be engineers. If the courses are 
primarily courses in mechanics, elec- 
tricity, or thermodynamics, they may 
be of the greatest value and still not be 
sufficiently rigorous mathematically to 
meet the objective discussed. Evi- 
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dently, courses in engineering analysis 
should be devoted to the problem of 
expressing physical conditions through 
mathematical equations. The solution 
of the equations is taught in mathe- 
matics courses. Either is incomplete 
without the other. 


(11) THe ExamINnaTIon oF CANDI- 
DATES FOR ADVANCED DEGREES 


Examinations of a comprehensive 
type play an important role in gradu- 
ate study. They can be and are used 
effectively at several different points 
in the program: (a) at entrance, to 
ascertain whether the student is quali- 
fied for graduate work, (b) at the end 
of the master’s degree work to’ deter- 
mine whether he merits a degree, (c) 
at the beginning of the doctoral re- 
search investigation to determine the 
candidate’s qualification for such work, 
and (d) at or near the end of the doc- 
toral program as a basis for awarding 
the degree. This final examination is 
commonly restricted to the doctoral re- 
search and related subjects. In addi- 
tion, there are examinations to test 
proficiency in languages and examina- 
tions in course, but these are not con- 
sidered here. 


Entrance Examinations 


The first class of examinations, those 
for entrance, has been discussed in sec- 
tion 5. The examinations appear to 
be rarely used, possibly because of the 
difficulty of administering them to 
candidates before they are admitted, 
and also because there are other use- 
ful criteria of a prospective postgradu- 
ate student’s qualifications. Prelimi- 
nary examination for candidacy for the 
doctorate will be discussed below. 


MANUAL OF GRADUATE STUDY IN ENGINEERING 








Degree Examinations 


Comprehensive examinations of the 
other three classes are common. More 
or less emphasis is placed on them de 
pending upon the institutional policy, 
It seems evident, however, that they 
should be regarded as highly impor 
tant, in fact, important to just that ex 
tent to which graduate work departs 
from formal study in course and ap 
proaches the development of the ind- 
vidual by his working on his ow 
initiative in reading, in research, and 
in seminars. When the material that 
the student is expected to master is or 
ganized for him in formal courses and 
tested therein, the ground covered is 
known (although not always how well 
it is retained), but when the work is 
done more nearly on the basis of inde 
vidual initiative, some comprehensive 
test is necessary to insure that essen 
tial subject matter has not been over 
looked or slighted. 

Another aspect of the comprehensive 
examination which is perhaps evel 
more important than the testing of the 
student is the function of directing and 
holding the attention of both students 
and faculty on the goal of the pre 
gram, and clarifying the objectives of 
graduate study for them. A statement 
in words of the objectives of the pre 
gram often fails to impart to the 
reader a clear, accurate picture, and 
indeed widely different programs may 
be described in the same way. But the 
problems of a good comprehensive ex 
amination give both students and f& 
culty a concrete picture of what the 
student is expected to know and to be 
able to do. At best it is difficult to et 
press educational objectives in quair 
titative terms, but some of the difficulty 
may be avoided by describing them if 
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Responsibility for Results of the Ex- 
amination Procedure 


Since the comprehensive examina- 
tion expresses the objectives of the 
graduate program and is the means of 
testing whether they have been achieved 
by the individual, the preparation of 
the examination should be the respon- 
sibility of the departmental or di- 
yisional graduate faculty. In a large 
group the detailed work of examining 
may be delegated to a committee, obvi- 
ously including members of other de- 
partments, but the responsibility of the 
group which determines the student’s 
program of graduate study cannot be 
avoided. The underlying point of view 
should reach beyond the individual 
courses of the program to its ultimate 
purpose, and the examination should 
be framed not as a collection of course 
examination questions but in terms of 
objectives of the student’s overall pro- 
gram. Thus there is a system of 
checks which keeps the individual staff 
members pulling together in a com- 
mon direction. The examination in 
terms of general objectives not only 
helps unify the program, it gives point 
to the concept that the parts of the pro- 
gram must be integrated. 


Written and Oral Examinations 


The inmost effective examination is 
probably one consisting of a written 
followed by an oral part. The rela- 
tively subjective oral type permits the 
examiner to probe more thoroughly 
and determine the limits of the stu- 
dent’s understanding, yet does not lend 
itself as well as the more objective 
Written type to testing the candidate’s 
ability to perform successfully an in- 
volved analysis or to make a complete 
design. The oral examination, often 
requiring skillful handling to avoid 
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stage fright, is time consuming; the 
written examination conserves at least 
the time of the examiners. 


Doctoral Examinations 


For the doctorate it seems desirable 
to have a preliminary examination 
consisting of a written followed by an 
oral part. The purpose of these ex- 
aminations is to sample the whole of 
the candidate’s background and to try 
him in one or two relatively: involved 
situations. It should require the use of 
mathematics and, for most candidates, 
physics of sufficient difficulty to test 
one’s knowledge in these fields. The 
purpose of the oral examination should 
be to probe further any weaknesses 
that appeared in the written examina- 
tion, and to ascertain the student’s re- 
sourcefulness and his philosophy. If 
he fails, the oral examination should 
make clear to him the reason for fail- 
ure. In the case of the final examina- 
tion, preceding the doctorate, the oral 
examination gives the candidate an op- 
portunity to defend his thesis work, 
and this is often its chief purpose. 

It is recommended that greater em- 
phasis be placed on comprehensive ex- 
aminations of the combined written 
and oral kind, not only as a yardstick 
to measure the degree of the student’s 
attainment, but also as a rather tan- 
gible expression of the objectives of 
graduate study and as a means of di- 
recting them to the attention of stu- 
dents and faculty. 


(12) AccEPTANCE OF UNDERGRADUATE 
CoursE WorK FoR GRADUATE 
CREDIT 


A consideration of this subject in- 
volves some definition of the purpose 
of graduate study. It may be sufficient 
to say that graduate study should com- 
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bine an intensive training in a limited 

field with some studies intended to give 

_ a broader base for a professional career. 
Graduate courses in the field of special- 
ization should be rigorous and should 
not shrink from using advanced mathe- 
matics. The student should be re- 
quired to develop fundamental equa- 
tions and not use empirical formulas 
from handbooks. 

If undergraduate courses meet these 
standards, they may well be accepted 
for graduate credit. However, not 
many undergraduate courses, even 
those offered to seniors, reach the high 
level of graduate courses. It seems 
clear that institutions should limit con- 
sideration for graduate credit to junior 
and senior courses. The presence of a 
majority of undergraduates obviously 
limits the level attainable and, naturally, 
any course in which a majority of the 
students are unselected undergraduates 
must be handled as an undergraduate 
course. 


Study in Collateral Fields 


A student may take some undergrad- 
uate courses in fields collateral to that 
of his primary interest but only a minor 
part of his program can be made up of 
such courses (see section 7). It will 
be almost necessary for him to elect 
some courses for undergraduates in 
collateral fields because he will not 
have the training to compete with grad- 
uate students who are pursuing the 
subject as their primary study. Never- 
theless, it is recommended that no more 
than 25 per cent of the master’s pro- 
gram be permitted in approved under- 
graduate courses. To raise the edu- 
cational value of this part of the 
graduate program, it is recommended 
that (a) additional assignments be re- 
quired of graduate students in under- 
graduate classes, or (b) a reduction of 
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about one-third be applied to the course 


designating borderline courses for at 
tendance only by graduate students 
and selected undergraduates. 


Transfer of Excess Undergradua 
Credit 


Most graduates have a few under 
graduate credits in excess of the mink 
mum requirement for the bachelor’s 
degree. Acceptance of such credits 
toward an advanced degree when they 
were not originally taken with approval 
for graduate credit merely acts asa 
general reduction of the minimum 
standard for an advanced degree, 
is therefore recommended that under 
graduate course credit be accepted on 
for courses taken after graduation # 
an approved part of the master’s pro 
gram. 

Under no circumstance should grad- 
uate credit be " granted for an un 
graduate course unless the student has 
secured a superior grade in that coursé, 


Undergraduate Courses in the Doe 
tor’s Program 


Very little additional undergraduate 
work should be elected by a —_ 
who has advanced beyond his first 
of graduate study. Less than twenty 
five per cent of the approved cours 
work for the doctorate should be per 
mitted in the undergraduate field and 
such courses should be accepted 
if they form part of an approved 
cational objective. 


(13) Srupy 1n Economics, PoLitr 
CAL SCIENCE, OR ADMINISTRATION ‘ 


It is recognized that study in ¢ , 
nomics and administration is a desifé 
ble but not a necessary part of tf 
training for all engineers. omit 





credit, or (c) a system be adopted of 
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> course | schools maintain joint programs in en- 
pted of J gineering and administration leading 
for af. | to either a bachelor’s or a master’s 
tudents J degree. In other cases students may 
4 wish to prepare for public service by 
the study of political science or desire 
raduate § the breadth of understanding coming 
from further study of other fields. It 
under. | assumed in this discussion that the 
e mini. | student is a candidate for a master’s 
shelor’s | “egree with a major in some field of 
credits engineering and that only a minor part 
n they of his time is to be devoted to the study 
>proval of economics, political science or ad- 
S as qq Ministration. — Vou : 
nimum Students with a major in engineer- 
ce. It ing cannot usually enter courses which 
under § 27 rated as of graduate caliber for 
od only students specializing in these other 
tion as fields. The query is whether under- 
5 pro- graduate courses in economics or 


similar subjects should be accepted for 
1 orad. @ graduate credit, and it is recommended 
_§ that such course credit may be ac- 
ceptable if it forms part of an approved 
educational objective and meets the 
other specifications of section 12. For 
the doctorate the use of liberal studies 
to fulfill the requirement of a minor 
has been discussed in section 7. 

Work for men must be done with 
men; human relations between engi- 
neer and client can make or mar suc- 
cess. The key to successful human 
telations seems to be community of 
interests and a mutuality of under- 
standing. It is an obligation of the 
educator to equip his students with 
more than the technical intellectual re- 
sources of a profession ; they should be 
led toward an understanding of the so- 
cial and economic environment which 
+§ toso large a degree has been shaped by 
n ec science and technology. Since there is 
jesit@§ $0 little opportunity for social studies 
of the ‘in graduate work in engineering, the 

ome eNgineering graduate teacher carries a 
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heavy responsibility for sensitizing his 
students to the importance of their fu- 
ture relations with people by example 
and by suggestion for liberal readings. 
The recipients of advanced degrees in 
engineering will be much more influ- 
ential if they are able to take their 
places in the world of men not only as 
engineers but as effective citizens. 


(14) Eventnc GrapuaTe Stupy 


The never static processes of educa- 
tion represent an effort to establish, 
for any given period and circumstances, 
an equilibrium between the facilities of 
our educational system and the needs 
and desires of the public. One of the 
interesting characteristics of education 
is its flexibility and adaptability to 
changing conditions. In the present 
discussion, we are dealing with ad- 
vanced study by a select group of stu- 
dents, namely, those who are employed 
during the day and therefore, cannot 
give full time to advanced study toward 
a higher degree. By the nature of cir- 
cumstances, such courses are offered 
in the late afternoon or evening and 
represent a codrdination of theory and 
practice, since a great majority of the 
students are employed in the fields of 
their major studies. 


Development of Evening Graduate 
Study 


Although not a new development, 
the formal organization of evening 
graduate study is relatively new and is 
rapidly becoming one of the significant 
features of education in the field of 
engineering. It is therefore appropri- 
ate to review briefly the circumstances 
which gave rise to this development. 
Traditionally, graduate study has been 
undertaken in day courses, either by 
full-time students or by graduate as- 
sistants, teaching fellows, research fel- 
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lows, or on some other subsidized 
level. Two disadvantages of this tradi- 
tional system are recognized: (a) the 
entrance upon professional practice is 
delayed against the natural desires of 
the student. (b) many students of 
graduate caliber are unable to under- 
take graduate study for financial rea- 
sons. 

Shortly after World War I, many 
institutions, especially those in large 
industrial centers, began to receive in- 
quiries from graduate engineers en- 
gaged in local industries, regarding 
graduate courses to be offered in the 
evening. In due time, accordingly, 
graduate courses which were origin- 
ally offered during the day were re- 
peated in the evening. In every in- 
stitution where this was done, a 
substantial increase in the number of 
graduate students resulted. The suc- 
cess of earlier efforts has encouraged 
many institutions, especially those in 
large cities, to offer graduate courses 
in the evening. 


Categories of Evening Students 


Because of the fluctuating character 
of wartime registration, it has for 
several years been impossible to com- 
pile representative figures regarding 
the number of evening graduate stu- 
dents in the United States. It is esti- 
mated that some 2,000 students fall 
into this category. These students 
may be classified into two groups: (a) 
candidates for higher degrees, (b) 
registrants for special courses. No 
breakdown of the two groups is avail- 
able. 

The full-time graduate student nor- 
mally completes the requirements for 
the master’s degree in one year and 
the doctorate in three years after the 
bachelor’s degree. Where a candidate 
is performing simultaneous services as 
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assistant, research fellow, and the like 
the time required is extended. Grad 
uate students who are studying in the 
evening while employed during the day 
take longer because of part-time study 
and because of unforeseen interference 
caused by obligations to their business 
connections. Hence, candidates for 
the master’s degree take from two and 
one-half to three years of evening study 
beyond the bachelor’s degree. 


Specialized Postgraduate Courses and 
Auditors 


As indicated, all evening graduate 
students are not necessarily candidates 
for a higher degree. One of the fune 
tions of a graduate university is to pre 
vide comprehensive and codrdinated 
education in a particular field leading 
to an appropriate advanced degree 
Evening graduate schools have a second 
objective to provide advanced course 
of specialized interest for those ak 
ready possessing an advanced degree 
or for other qualified individuals who 
wish to extend their knowledge of4 
particular field for direct use in their 
industrial work. This explains ‘the 
presence of a limited number of nom 
degree candidates in evening graduate 
courses. It should be pointed out hett 
that care must be exercised in deter 
mining the admission of members @ 
this group to ascertain that they have 
the proper background to take the 
course advantageously and to perform 
all assignments. Auditors reduce the 
standards of the graduate course afd 
should be permitted only in exceptional 
cases. : 
Characteristics of Evening Gradualt 

Students 
Practically all evening graduate st 


dents are employed during the day i 
an industrial field directly related tot 
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major field of concentration of grad- 
uate study. Many evening students 
are in positions of responsibility. Gen- 
erally speaking, evening graduate stu- 
dents are older than the usual day 
students, and bring to their graduate 
studies a contemporary knowledge of 
the subject resulting from their indus- 
trial contacts. Lastly, practically all 
evening graduate students are paying 
full tuition for graduate study, which 
introduces a factor of peculiar earnest- 
ness. Study in the evening after a 
normal working day is an added bur- 
den, but the extra effort is stimulated 
by the combination of factors indicated 
above. 


Evening Faculty 


Large corporations, located within 
convenient commuting distance of a 
graduate engineering school, will often 
have on their staffs outstanding scien- 
tists who are specialists in certain fields 
of knowledge. As the graduate courses 
are offered in the evening, these spe- 
cialists are normally available as teach- 
ers. These special lecturers, because 
of daily contact with the practice of 
their specialty, are able to present the 
latest practices which have not reached 
the literature. Industry’s scientists are 
highly stimulating as teachers of such 
courses as gas turbines, design of 
transformers, and other specialties. It 
is the common experience that day 
school teachers are more effective in 
handling the basic courses such as ad- 
vanced mechanics and thermodynamics. 
They should be encouraged to teach 
such evening courses. 


Research for Evening Students 


Whereas it has been the general 
practice to assign the student to an ap- 
propriate member of the faculty to 
select a topic for research under close 
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direction, the codperative nature of 
evening graduate study through the stu- 
dent’s association with industry gives 
rise to a different possibility for hand- 
ling research. The student may have 
an interest in a particular field of re- 
search which is often of direct interest 
to his company. This interest of the 
company may develop to the point that 
it may subsidize the research in whole 
or in part. 

Where the required equipment is not 
available at the university, the com- 
pany may permit the use of its own 
equipment. This arrangement makes 
possible investigations which ordi- 
narily could not be carried out. The 
arrangement for the credit value of 
such research will be discussed later 
in section 16. Lastly, in order to com- 
plete the research as quickly as possi- 
ble (particularly for the doctorate), 
the graduate student may be given a 
leave of absence and transferred tem- 
porarily to the university on a full- 
time basis. 


(15) Co6perative GRADUATE STUDY 
IN ENGINEERING 


Codperative engineering education 
has demonstrated its usefulness in the 
undergraduate field as an alternative 
to full-time engineering education. The 
use of the expression “full-time” for 
comparison with “codperative” is recog- 
nized to be inadequate and confusing 
because a considerable percentage of 
engineering undergraduates engage in 
gainful activity for their partial sup- 
port while an occasional student holds 
a full-time job and carries a full-time 
educational program despite all rules 
to the contrary. 


Significance of the Job 
It is fully recognized that some posi- 
tions may contribute directly to under- 
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graduate or graduate education, but, 
unfortunately, some may even make a 
negative contribution so that it seems 
necessary to give little or no considera- 
tion to the job in relation to the educa- 
tional requirements. For example, a 
shop position develops the student’s 
sense of practical values which has un- 
questioned merit, but for some students 
_ this experience may close the mind in 
whole or in part to the importance of 
theoretical or the more scientific stud- 
ies. On the other hand, a codperative 
position in a research laboratory might 
clearly contribute very directly to the 
graduate student’s development. As 
long as the work of the student in in- 
dustry is not under the: direct control 
of the educational institution, it seems 
necessary to consider its plus values as 
merely an additional educational ex- 
perience available to some fortunate 
students but not sufficiently controlled 
to be accepted as a substitute for course 
work or graduate research. The possi- 
bility of using industrial investigations 
to satisfy the thesis requirement is con- 
sidered under the heading of Resi- 
dence Value of Research on Indus- 
trially Sponsored Projects, section 16. 































Problems Involved in Alternation 


The alternation between work in in- 
dustry and in the institution produces 
certain problems that must be solved 
if there is to be no letdown in the 
standards of graduate study. They are 
associated with the importance of con- 
tinuity and the loss attendant upon a 
partial or complete break in the edu- 
cational process. This can no doubt 

- be minimized by reading assignments 
and investigations to be conducted eve- 
nings during the periods spent in in- 

dustry. If the company concerned can 
be induced to regard its codperative 
employees as students, some codrdi- 
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reported upon to maintain continuity 
of education. 

Extension of the idea of codperative 
graduate study may induce more good 
students to start graduate work and 
thus contribute to an advancement of 
the engineering profession. 


Codperative Graduate Education with 
Full Employment 


An interesting variant of codperatiye 
education on the graduate level is i 
lustrated by the Westinghouse Elec 
tric Corporation plan. Under this plan, 
qualified employees of the Westing 
house Corporation are enrolled 
graduate students in codperating i 
stitutions. Specialists in the employ 
of the Westinghouse Corporation te 
ceive regular appointments as mem 
bers of the graduate teaching staff of 
the codperating institutions. Regularly 
enrolled graduate students, not em 
ployees of the company, may als 
register for such courses. Only 4 
limited number of credits may & 
earned in this manner toward the de 
gree. The codperating institution 
awards the degree. The plan is @ 
operation in Pittsburgh with the Unk 
versity of Pittsburgh and in New 
York City with the Polytechnic It 
stitute of Brooklyn, New York Unt 
versity, and Stevens Institute of Tec 
nology. In Chicago and Milwaukeg, 
Illinois Institute of Technology oper 
ates a graduate program set up to 
courage students from the Allis-Chalm 
ers Company to become candidates 
for the master’s degree. Gradualt 
teachers from the Institute in Chi 
present evening graduate classes 
the Allis-Chalmers plant in Milwate 
kee, Wisconsin. * 

It has been seen from the foregoi J 
discussion of evening graduate study 


nated day-time investigations may be 
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in section 14 that it also offers the es- 
sentials of coOperative education; that 
is, a combination of study and employ- 
ment in the same field of endeavor. 
The evening study plan cannot be con- 
sidered of general application since it 
is limited to those institutions located 
in large industrial centers where a 
number of diversified industries are 
situated. Generally speaking, students 
travel from industry to the campus of 
the university. However, in certain 
cases, where several large plants are 
near each other and located too far 
from the university to be reached in 
time for classes, a course may be lo- 
cated at or near one of the plants. 


(16) ResmmENCE VALUE OF RESEARCH 
ON INDUSTRIALLY SPONSORED 
PROJECTS 


In discussing thesis work in connec- 
tion with industrially sponsored proj- 
ects, it is always important, and some- 
times paramount, to keep in mind that 
the thesis is the property of the insti- 
tution, must be available for publica- 
tion, and, in the case of the doctorate, 
may even be required in published 
form. Any research submitted for 
academic credit, therefore, constitutes 
work to which the public has full ac- 
cess. 

To evaluate possible academic credit 
for research, it might be most suitable 
first to summarize the customary re- 
quirements pertaining to thesis work 
in engineering schools. 


Credit for Thesis Work 


In general, the total requirements for 
the master’s degree amount to about 
thirty weeks of residence, defining a 
semester as a continuous period of 
fifteen or more weeks. On the aver- 
age, the credit for the master’s re- 
search constitutes about one-fourth of 
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the total requirements for the degree. 
Translating this into full-time resi- 
dence, it would be approximately one- 
half semester of full-time work. (Also 
see section 7.) 

For the doctor’s degree, the normal 
requirement is a minimum of one year 
of full-time residence work on the 
thesis research. Accepting a three year 
full-time minimum residence require- 
ment beyond the bachelor’s degree, the 
thesis research would then consume 
at least one-third of the total residence 
work for the doctorate, beyond the 
bachelor’s degree, as explained in sec- 
tion 7. 


Types of Research Projects 


One might best classify the various 
arrangements which industrial organ- 
izations make with engineering schools 
into (1) fundamental research proj- 
ects and (2) applied or industrial re- 
search projects, and might add (3) 
research performed by a student in a 
company laboratory. 

Fundamental research projects are 
usually sponsored by industry because 
prominent staff members are available 
in specialized fields of research wherein 
they have established a special reputa- 
tion. Such research projects are often 
of long range scope, and industry re- 
ceives the direct benefit of prospective 
employees trained in a special school 
of thought or practice. As the name 
implies, fundamental research does not 
carry specific definitions of the ob- 
jective to be achieved, and is not cer- 
tain, at the start, of complete success 
or even termination of the originally 
intended work. 

Applied or industrial research proj- 
ects are arranged by industry usually 
with specific definitions of the objec- 
tives to be attained, are of limited 
scope, and probably are most aptly de- 
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scribed as “development work.” Fre- 
quently, development contracts are 
made with special laboratories or staff 
members with successful consulting en- 
gineering practice, men who are known 
to get “results.” 

Frequently, particularly in connec- 
tion with evening graduate schools, 
men employed in research or develop- 
ment laboratories desire to combine 
research for academic credit with work 
assigned to them in the company lab- 
oratory. 


Residence Value of Sponsored Funda- 
mental Research 


Fundamental research projects spon- 
sored by industry are the most suit- 
able type of sponsored research to be 
considered for academic credit, and 
for the doctorate it should, indeed, be 
the only sponsored type so considered. 
Arrangements with students in such 
cases should preferably be made on the 
basis of unrestricted “research fellow- 
ships” with a grant sufficient to cover 
the financial needs of the student so as 
to leave him ample time for a com- 
bination of study and research. Re- 
search fellowships of this type would 
naturally carry full residence credit as 
is usual on fellowships sponsored by 
the institution, since the same freedom 
for work of a fundamental nature is 
granted. 

In the case of full-time employment 
as staff member or assistant on an in- 
dustrially sponsored research project 
of a fundamental nature, it becomes 
more difficult to evaluate residence. 
credit. There is more tendency to 


press for results through subdivision 
or close direction of duties and to re- 
strict somewhat the freedom in the 
choice of methods of attack. It would, 
therefore, be advisable not to give more 
than half-time residence credit for re- 
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search work under these conditions 
which means that a minimum time of 
at least one semester would be required 
for the master’s thesis investigation and 
a minimum of four semesters of full 
time residence work would be required 
for the doctorate research. 


Residence Value of Development Proj. 
ects 


Development work as_ described 
above, usually does not stress the 
broader aspects of research problems 
but rather concentrates on specific de 
tailed solutions to problems of design 
or operation. Certainly, such work 
would not be suitable for the doctoral 
dissertation, but it may be acceptable 
in connection with the master’s thesis 
if a definite criterion can be applied to 
determine whether the independent 
contribution of the student demon 
strates his ability to use effectively th 
generic principles as explained in see 
tion 8. If this criterion is applied 
rigorously, much development work 
which is solved by cut-and-try proced- 
ures will be discarded as an insufficient 
contribution to the master’s program. 
Also, work for which the student 
carries little responsibility, being em 
ployed merely as a detailed assistant, 
must be discarded. 

It is not customary to establish fe 
lowships in connection with develop 
ment work; hence, the usual case & 
that of full-time employment on spe 
cific projects. Therefore, not mort 
than half-time residence credit should 
be allowed, and then only when the 
student is working in close contat 
with a research director who has fully 
demonstrated his competency in the 
field of fundamental research and who 
desires to codperate in making the dé 
velopment project a significant educt 
tional experience for the student 
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And, finally, the project must be one 
which places no restriction on the dis- 
semination of thesis results for public 


benefit. 


Research and Development Work in 
Industrial Laboratories 


In order to be at all acceptable as 
background for a thesis, work in in- 
dustrial research or development lab- 
oratories should satisfy these require- 
ments : 

(a) The proper authority within the 
company must release the work for 
publication before the student starts on 
the thesis, or else the student must ac- 
cept the risk that he may not be per- 
mitted to submit his contribution as a 
thesis after having finished the work. 
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If all these and possibly other special 
conditions are satisfied, then the case 
becomes similar to that of sponsored 
industrial research carried on within 
the institution, and residence credit to- 
wards a master’s project might be al- 
lowed, but for not more than one-half 
time. In considering the matters of 
residence credit, or course credit for 
research, it should be self-evident that 
the emphasis is upon the research work 
itself and not upon the writing of the 
thesis. 


Summary 


Recommendations for the residence 
allowance’ of research work on spon- 
sored research projects are summar- 
ized below. 





Residence Allowance Permitted for 


Master’s Investigation Doctorate Research 





Unrestricted research fellowships sponsored 
by the educational institution or by industry 
under full educational supervision. 


Research assistants of the college employed 
on industrially sponsored fundamental re- 
search, 


Students employed on approved industrial 
development work under qualified educational 
supervision. 


Full credit for time 
spent. 


Full credit for time 
spent. 


Not more than one- Not more than one- 





half credit for time 
spent. 


Not more than one- 


half credit for time 
spent. 


Unacceptable. 


half credit for time 
spent. 





(b) The thesis adviser, as a mem- 
ber of the college staff, must be in- 
vited to visit the place of work and to 
inspect facilities and equipment. He 
should during this visit ascertain from 
the supervisor the extent of independ- 
ent work carried on by the student and 
its relation to the company program as 
a whole. 

(c) The thesis research must be 
kept continually under the direction of 
a member of the educational staff so 
that the same values will be obtained as 
are inherent in resident research. 


(17) Grapuate InstITUTES SERVING 
A SINGLE INDUSTRY 


A movement is clearly discernible 
toward the establishment of graduate 
institutes devoted to the single pur- 
pose of service to individual industries. 
Progressive industries so served at 
present by special institutes are paper, 
gas, and textiles, while the glass com- 
panies and others are understood to 
be preparing to support other indus- 
try educational-research institutions. 
These organizations have been estab- 
lished with the objective of conferring 





648 


the highest academic degree, the doc- 
torate. They embrace the physical sci- 
ences and engineering since physics, 
chemistry, and their engineering ap- 
plications are the primary fields for 
industrial development: work. 

Considered objectively, such gradu- 
ate institutes have much to recommend 
them. Certainly it is proper for in- 
dustry to support graduate education 
from which it derives great benefits. 
It is also proper for industry to sup- 
port fundamental research which con- 
tributes much to its ultimate benefit. 
It is not so clear, however, that these 
objectives are certain to be realized 
through such specialized organizations 
as industry institutes. 


Divorcement from Graduate Education 


There has been a tendency for the 
industry institute to divorce itself from 
traditional graduate education and to 
become somewhat vocationalized. The 
location of an industry institute in 
association with an institution not 
engaged in scientific or engineering 
graduate instruction or even entirely 
separated from an established educa- 
tional institution is to be lamented. 
Such an institute may also become di- 
vorced from normal graduate educa- 
tion if the director, the board of con- 
trol, and the educational committee 
represent predominantly the industry 
point of view, unleavened by significant 
representation of broadly experienced 
graduate educators. There readily de- 
velops a strong tendency toward fixed 
curricula having many specialized 
courses not significant except to one 
indystry and clearly of less value than 
more common graduate courses in de- 
veloping a research scientist and engi- 
neer even for that industry. 

In undergraduate ‘education there is 
a clear movement toward treating ex- 
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ceptional students in an individual 
manner while graduate study in sc 
ence and engineering has always been 
highly individualized. It cannot he 
justified on any other basis. Even ig 
the training program for a particular 
industry, it is clear that certain gradu 
ate students can effectively major in 
physics, others in applied mathe 
matics, perhaps others in chemical 
engineering, and still others in me 
chanical engineering. An attempt t 
channelize doctorate candidates so that 
all students will cover many widdy 
separated fields in a few courses dé 
voted to each field reduces graduate 
education to the level of undergrade 
ate if not vocational study. It cannot 
produce the best research specialists. 


Training in Industry Management 


It appears that there may have been 
some confusion within the industry m 
stitutes as to the objective of the doc 
torate study since considerable em 
phasis in student selection before the 
war was placed upon the breadth of 
the student’s interests and his extra 
curricular activities. The curriculum 
has also included a considerable amount 
of work devoted to special problems of 
industry organization and the funds 
mentals of management. If the indus 
try institute requires more than three 
years for the award of the doctorate, 
the time over three years may withott 
loss to research standards be devoted 
to vocational or other fields of study. 
However, if the objective of training 
the future leaders of the industry 
permitted to influence the choice of 
students with emphasis in _ selectio# 
being placed upon other characteristics 
than scholarship, ingenuity, intell 
energy and honesty, the result will & 
a reduction of research attainment. 1 
must be clearly understood that tht 
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objective of the doctorate is the de- 
velopment of research scientists and 
engineers, not the production of man- 
agers or even leaders in any direction 
except research. 


Benefits of Codperation with a Univer- 
sity . 

If an industry institute is located 
within the framework of a university 
or technological institute engaged in 
graduate study in engineering and sci- 
ence, many mutual benefits can be 
derived. The distinguished graduate 
teachers of the university should pro- 
vide the instructional staff for most of 
the basic graduate courses needed by 
the industry’s graduate students, thus 
maintaining much higher standards 
than is probable for an isolated insti- 
tution. In these classes the industry’s 
graduate students must compete with 
other graduate students, a procedure 
that maintains high educational stand- 
ards and prevents vocationalization. 
Then, too, the influence of distin- 
guished scientists, whose opinions can- 
not be ignored, will keep special courses 
given by the industry institute from 
deviating greatly from accepted gradu- 
ate standards. And, finally, since the 
university grants the degree, the indus- 
try institute must satisfy the graduate 
committee and the administrative head 
of the graduate school of the university 
that proper graduate standards have 
been maintained. 


Recommendations 


It appears that industry institutes 
have sought high standing by restrict- 
ing their programs largely to work for 
the doctorate when in reality the mas- 
ter’s degree would more nearly en- 
compass their broad objectives. The 


probable quality of the staff of gradu- 
ate teachers at an isolated industry in- 
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stitute and the lack of that stimulation 
which should come to the student for 
the doctorate from association with 
leading scientists in many fields may 
restrict the meaning of the doctor’s de- 
gree when given by such an institution. 
Until such time as a truly distinguished 
staff can be assembled in many fields, 
the isolated industry institute should 
restrict its graduate work to the scope 
of the master’s degree. 


(18) ConsIDERATIONS APPLYING TO 
THE ForREIGN STUDENT 


It appears inevitable that large num- 
bers of foreign students will come to 
America for postgraduate study in 
technology during the decade follow- 
ing World War II. It seems desirable 
to consider the special problems that 
are thereby raised. In particular, it is 
important to realize that many foreign 
students are likely to offer little com- 
petency in laboratory experiment. 
This is because of the emphasis upon 
mathematics, theoretical science, and 
liberal studies in foreign undergradu- 
ate education even in engineering. 
American institutions place far greater 
emphasis upon work ‘in the laboratory 
and upon the study of the art and prac- 
tice of engineering. : 


Orientation and Background Study 


Since the foreign student is likely to 
be bewildered by his surroundings and 
backward in speaking and writing 
English, as well as unversed in labora- 
tory techniques, it would seem to be a 
necessary procedure in many cases to 
use one semester for orientation and 
background study to precede the work 
for the master’s or doctor’s degree. 
During that semester the foreign stu- 
dent could study English, and enroll 
in two or three undergraduate courses 
in his major field of study where em- 
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phasis would be placed upon labora- 
tory experiment and practical engi- 
neering work. Among such courses 
might be materials testing laboratory, 
heat engines laboratory, and electronics 
or electrical machinery laboratory. 
Such laboratories are often unavailable 
to students of foreign countries. The 
work in these laboratories also requires 
less understanding of spoken English 
than a lecture course. By the end of 
one semester, it will be reasonably clear 
both to the student and to his adviser 
whether his backgrotind is adequate 
for graduate study. 


(19) GumaANcE oF GRADUATE 
STUDENTS 


It should clearly be the objective to 
select students for graduate study who 
will accept the accompanying responsi- 
bility and who can therefore be treated 
as adults. However, the common sug- 
gestion to “first spend two or three 
years in engineering practice” is not 
always practical advice. Within three 
years a large percentage of engineer- 
ing graduates have-married and their 
financial responsibilities may preclude 
full time graduate study. Others are 
drawn into construction or production 
with a resultant dulling of their iriter- 
ests in scientific studies. Practical ad- 
vice to brilliant undergraduate stu- 
dents is to enter the graduate school 
immediately after graduation before 
there is a loss of facility in the use of 
mathematics, physics, and the theoreti- 
cal tools of engineering. 


Counseling Graduate Students 


Since graduate students are always 
in close contact with certain teachers, 
idance occurs naturally and without 
coal organization. Even then, prob- 


lems of a personal nature often arise 
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such as physical disability, financial 
difficulty, or mental strain that are bet. 
ter handled by the usual univ 
offices. The teacher will function mog 
effectively if he directs the student tp 
the proper office since new graduate 
students are nearly as uninformed a 
freshmen. 


Graduate Class Assignments 


It is a common experience to find 
graduate students quite unversed ig 
the use of the library. One objective 
of the first semester of graduate study 
should be to encourage students to use 
the library for background reading, as 
signed literature searches, etc. 

The treatment of graduate students 
as adults results occasionally in a 
overbalance toward failure on the part 
of the teacher to make specific assign 
ments with consequent neglect of the 
course by the student. Undergraduate 
engineering education is conducted t 
a large extent through the assignment 
of homework problems.. The drastit 
change from detailed problem assign 
ments to no assigned problem work is 
too great a transition to be accom 
plished in a week or two. 

The teacher should start his gral 
ate course, particularly if it is for first 
semester graduate students, in sucha 
manner that he can roughly measure 
the outside time devoted by the str 
dent to preparation. When it is cleat 
that progress is being made by the stt 
dents on their own initiative, greater 
freedom in study is obviously desirable. 
However, assigned problem work need 
not be dropped entirely to-develop im 
itiative. The instructor may accom 
plish much merely by requiring the 
solution of problems and by leaving 


their conception and statement to the 


student. 
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(20) Retative TEacHING LoapD oF 
GRADUATE AND UNDERGRADUATE 
CouRsES 


In 1935 the S.P.E.E. Committee on 
Graduate Study reported teaching loads 
that on the whole were not conducive 
to graduate instruction of high quality. 
The committee found that in many 
institutions, though not all, graduate 
teaching loads had been added to the 
existing relatively heavy loads of un- 
dergraduate instruction. It should be 
observed that this situation was found 
at a time when graduate work had been 
expanding very rapidly, at a pace that 
budgets could scarcely match. An in- 
formal check made during 1942 indi- 
cates that since 1935 some improve- 
ment had been made. In most schools 
the teacher giving graduate work is 
now relieved of some of the under- 
graduate teaching he would otherwise 
carry. The ratio of adjusted hours 
has sometimes been less, sometimes 
greater, than unity. 


Universal Importance of the Problem 


Proper relative weights for graduate 
and undergraduate teaching loads may 
best be decided upon after a considera- 
tion of the institutional functions as a 
whole. The general functions of an 
engineering school of high standing 
should include undergraduate instruc- 
tion, graduate instruction, and re- 
search. The teaching staff should be 
Selected and loads should be assigned 
in order to obtain a balance among 
these activities. Exactly what propor- 


tions of each activity constitute a bal- 
ance will, of course, vary from school 
to school and from department to de- 
partment, but that all three functions 
should be present in the departmental 
staff can scarcely be questioned. The 
individual staff member has only so 
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much total time and energy and, if 
adequate allowance is not made for 
graduate work and research, they are 
certain ‘to be slighted. 


Factors Involved in Teaching Loads 


The general problem of ascertaining 
the weight of the teaching load of a 
staff member involves numerous fac- 
tors other than contact hours. Some 
of these factors are the size of the 
class, the number of different classes 
for which a single preparation suffices, 
the amount of time required outside of _ 
the class per scheduled class hour, 
other contributions to the work of the 
institution such as student conferences 
and committee assignments. 

It is therefore recommended that all 
factors be analyzed before adopting any 
scheme for controlling faculty teaching 
loads. Until such a plan has been 
adopted, it is recommended that gradu- 
ate courses and undergraduate courses 
be treated alike in setting teaching 
loads. Evidently, some provision must 
also be made for evaluating the equiva- 
lent teaching load involved in the diréc- 
tion of thesis research. It appears self- 
evident that the direction of each 
graduate student’s thesis investigation 
during the period of his intensive re- 
search will consume at least two or 
three hours per week of a teacher’s 
time which makes it fully the equiva- 
lent of a classroom teaching hour. 


The Changing Character of Engi- 
neering Graduate Study 


To gain perspective we must recog- 
nize the changing character of gradu- 
ate study in engineering. Undergradu- 
ate curricula in engineering of fifty 
years ago were heavily weighted with 
the natural sciences and with liberal 
subjects. There was not a sufficient 
body of specialized engineering knowl- 
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edge or a sufficiently extensive litera- 
ture to crowd a four-year program. 
Graduate study in engineering was not 
critically needed and could hardly have 
been differentiated from graduate study 
in the physical sciences except as it 
might have contributed a broad review 
of the engineering arts. Now, this has 
all changed: New branches of science 
are developing at an amazing pace 
within the confines of engineering. 
Fluid flow, heat transfer, electronics, 
mechanics of stréss and of vibrations— 
these are no longer physics even when 
physics is broadly defined. Neither 
can they be defined completely as ap- 
plications of physics though they use 
the great body of knowledge that the 
physicist has accumulated. 

Within engineering itself we see re- 
search workers steadily developing 
these new branches of engineering sci- 
ence. This changing character of en- 
gineering, this development from a 
construction art to a broad productive 
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activity encompassing research, design 
and construction, and sustaining within 
itself the beneficent growth of whok 
new branches of science, is the vital 
force of graduate study. 

The assurance which we feel tha 
the scientific or research side of engi 
neering will continue its growth at a 
accelerated rate is strong support for 
the belief that graduate study in engi 
neering is destined to grow in impor 
tance. Faced with increasingly com 
plex engineering problems that ca 
only be solved with these new scier 
tific tools, industry must turn to the 
graduate schools of engineering oe 
future leaders in research, design, am 
development. That many of these sc 
entific ‘leaders will then become at 


4 


ministrators we know by observation, 
and intuitively we feel that specialized 
graduate study will still contribute 
much to their ultimate capacities to a 


praise, digest, and weigh evid 


¥ 


bearing on broader subjects. 
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To the Editor of The Journal of 
Engineering Education 


May 9, 1945 


Dear Sir: 

In the December issue of the Jour- 
NAL OF ENGINEERING Epucation, I 
saw on pages 285 to 287 an article by 
Assistant Professor G. E. Bush, in 
which he presents the translation of a 
small part of a paper by Professor N. 
Rosenauer of Riga for finding the ve- 
locities of complex kinematic chains in 
a direct way. 

Apparently, Professor Bush did not 
have available the complete paper of 
Professor Rosenauer, and therefore his 
article is very fragmentary. It would 
be interesting to know what article by 
Professor Rosenauer Professor Bush 
has translated, and where he obtained 
his reference, as the latter is not given 
quite accurately. 

It is a general experience that read- 
ers often have difficulties in locating 
the original articles if references are 
not accurate. Since previous to Pro- 
fessor Bush I had drawn attention to 
Professor Rosenauer’s work in my 
paper: “A Brief Account of Modern 
Kinematics,” presented before the A.S. 
ME. Annual Meeting in December, 


1942, with preprints available at that 
time, the paper having been published 
finally in the A.S.M.E. Transactions, 
August, 1943, pp. 663-683, I may be 
permitted to repeat here the reference 
given there on page 670 under (E), 
namely : 

“Ein neues Verfahren zur Ge- 
schwindigkeitskonstruktion kinemati- 
scher Ketten,” by N. Rosenauer, Acta 
Universitatis Latviensis, Méch. fac., 
serija T.L., No. 14, 1936. 

Professor Rosenauer’s method has 
also been described by him elsewhere, 
and I have just been informed by a 
Russian professor, of Moscow, . U.S. 
S.R., that this method was described 
previous to Rosenauer by several Rus- 
sian scientists. However, so far I have 
not been able to verify this statement, 
because none of the references cited by 
the Russian professor are available 
here in the United States. Hence, I 
have to suspend judgment regarding 
the priority of this method. 


Yours very truly, 
A. E. R. DE JONGE, 
- 85 Liberty St., 
New York 6, N. Y. 
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